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INTRODUCTION 


■“V../ 


In  1996,  the  Ballistic  Missile  Defense  Organization  (BMDO)  and  the 
National  Technology  Transfer  CeriterAVashington  Operations  (NTTCAVO) 
published  a  special  report  entitled  BMDO  Ta/ino/qgy  Applications  in 
Biomedicine.  With  an  emphasis  on  biomedical  and  biotechnical  areas,  this 

•4 

report  detailed  more  than  60  technology  stories  that  sprang  from  BMDO 
support  through  the  Small  Busincs^  Innovation  Research  (SBIR)  program, 

the  Small  Business  Technology  Transfer 
(STTR)  program,  the  Innovative  Science  and 
Technology  (IS&T)  program,  and  the 
Technology  Applications  (TA)  program. 
This  year,  we  are  again  highlighting 
advances  in  biomedical  applications  of 
BMDO  technology,  covering  32  stories  in 
image  processing,  optical  biopsy,  laser  treat- 
ments,  information  storage  and  networks, 
and  biological  analyses,  among  other  topics. 

The  SBIR  and  STTR  programs  arc  administered  by  BMDO  and  other  gov¬ 
ernment  agencies  to  support  and  develop  cutting-edge  technologies  and 
lead  them  to  the  Amcncan  marketplace.  SBIR  concentrates  on  funding 
prool-of-conccpt  and  prototype  product  development  in  small  business  set¬ 
tings,  and  STTR  fosters  cooj^c ration  between  nonprofit  research  Institutions 
and  businesses.  T'he  lS6zT  program  is  designed  to  cjuickly  galvanize  high- 
risk  technology  through  targeted  research  and  development.  In  addition, 
IS&T  seeks  to  shorten  the  inter\’al  between  concept  and  application.  The 
TA  program  promotes  commercialization  of  advanced  technologies  and 
cross-fertilization  of  ideas  between  government  agencies.  Through  technol¬ 
ogy  review  meetings  with  small  businesses,  outreach  publications,  and  a 
proactive  stance  in  disseminating  information  about  new  commercialization 
ellorts,  the  TA  program  nurtures  the  seedlings  of  technology'  transfer. 

With  decreasing  government  spending  and  continuous  pressure  to  reduce 
the  national  deficit,  all  government  agencies  are  aware  of  the  need  to  make 
every  dollar  count.  BMDO  has  operated  from  its  inception  with  an  eye  to 
dual  use,  and  in  1994  it  began  to  pursue  a  relationship  with  the  Department 
ol  Health  and  Human  Seiwices  to  transicr  BMDO-funded  technologies  to 
the  area  of  breast  cancer  detection  and  prevention.  BMDO  has  also  joined 
the  Federal  Multi-Agency  Consortium  on  Imaging  Technologies  to  Improve 
Womens  Health,  a  concerted  government  effort  to  develop  advanced  imag¬ 
ing  technologies  for  improved  screening,  earlier  diagnosis,  and  better  treat¬ 
ment  of  breast  cancer.  The  consortium  includes  representatives  from  the 
Central  Intelligence  Agency,  the  U.5.  Army,  the  Defense  Advanced  Research 
Projects  Agency,  the  National  Aeronautics  and  Space  and  Administration, 
the  National  Cancer  Institute,  and  the  National  Science  Foundation,  to 
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name  jusi  a  sampling.  This  group  is  headed  by  the  office  of  the  Assistant 
Surgeon  General  and  Deputy  Assistant  Secretary  for  Health  (Women’s 
Health).  The  consortiums  technology  transfer  subcommittee  put  out  a 
request  to  297  Federal  agencies  and  laboratories  to  submit  potential  tech¬ 
nologies  that  could  advance  digital  mammography,  magnetic  resonance 
imaging,  ultrasound,  nuclear  medicine,  computer-aided  diagnosis,  3-D 
visualization,  and  image  storage  and  transmission.  Of  82  technology 
responses,  the  subcommittee  chose  14  for  lunding  consideration;  of  these, 
6  were  BMDO  submissions.  These  technologies  were  large-format  digital 
.sensors,  avalanche  photodiodes,  acousto-optic  tunable  filters,  active  vibra¬ 
tion  isolation  systems,  uncooled  infrared  cameras,  and  polarization  imaging 
and  fluorescent  spectroscopy  devices.  BMDO  continues  its  cooperation 
with  the  consortium  through  meetings  and  technology  development. 
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Introduction 


SiMiK'  ici;arcl  llic  iiiloniiation  revolution  as  the  most  signiliaint 
cwiit  ol  llu'  20tli  cciUiuA.  Whether  we  are  researehers,  IxiuIk 
tellers,  iiisuranee  luulerw  l  iters,  supermarket  cashiers,  or  stoek- 
hrokers,  we  tleal  with  sometimes  o\ erw helmint;  cjuantities  ol 
inlormation.  I  hose  who  studv  the  etlueation  process  ha\e  eonsis- 
tenth  louiul  that  how  inlormation  is  presented  is  key  to  relainini; 
laets,  ori;anizini;  data,  and  consolidating  imjiortant  memories. 
cMten.  the  comhinaiion  ol  comin'lling  \  isual  disjday  and  j)erlinent 
text,  w  heiher  w  ritten  or  spoken,  is  highly  successlul  in  making  a 
long-term  impression  on  the  learner.  Sometimes,  \  isual  display  is 
the  only  means  ol  elleclively  con\e\ing  inlormation.  It  lakes  lar 
more  ellori  tt)  outline  in  words  the  key  sensory  palhwa\s  in  the 
hrain.  or  the  distinguishing  lealures  ol  a  malignant  breast  tumor 
on  a  mammogram,  than  to  simply  study  the  images  and  store 
them  as  principal K  \  isual  memories.  .Since  these  images  do  con- 
\e\  so  much  inlormation.  it  seems  lilliiig  that  they  would  rec|uire 
large  anu)un!s  ol  memory  lor  storage,  and  iiuleetl  the)  do.  In  addi¬ 
tion,  high-i|ualily,  high-resolution  imaging  reciuires  very  rajiid 
data  iransler  lates. 


M)  riclure  in  a  C  ube 
.\slro  lei  ra‘s  M)  \olunieiric  Display 
.Award-W  inning  High-Speed  Optical  I’rocessor 
C.hijvStacking  lechnology  Irom  Irvine  Sensors  JIM. 


1  iher-Oj)lic  lesthed  at  I'C^SD  I'nder  Way 
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ADVANCED  TECHNOLOGIES 
FOR  MEDICINE  AND  BIOLOGY 


“There  can  be  no  greater 
peace  dividend  from  our 
national  investment  in 
defense  than  to  improve 
the  health  of  our  citizens.” 

Susan  J.  Blumenthair  M.D. 


How  do  light  and  matter  interact  to  produce  the  latest 
advance  in  cancer  treatment,  and  what  in  the  world  does  it 
have  to  do  with  the  Depanment  of  Defense?  How  did  a 
search  for  high-volume  data  storage  result  in  a  novel,  radia- 
lion-frce  gene  probe?  How  can  a  microchip  that  (lies  on 
defense  satellites  improve  the  regimen  of  a  radiotherapy 
patient?  All  of  these  questions  are  explored  in  a  new  report 
from  the  Ballistic  Missile  Defense  Organization,  BMDO 
Tahnologics  for  Biomedical  Applications, 

In  this  repon,  we  arc  highlighting  BMDO-lunded  technolo¬ 
gies  and  how  they  have  found  their  way  into  biomedical 
innovations  and  evolutions.  Focused  on  three  main  areas  of 
interest;  observ'ation,  detection,  and  intervention,  the  report 
covers  33  companies  and  institutions. 

For  example... 


■  3-D  Technology  Laboratories  is  developing  a  three- 
dimensional  display  that  is  truly  visible  from  all  angles, 
without  awkward  glasses... 

This  display  can  offer  models  ol  anatomy  that  are  not  limited 
by  the  usual  obscuring  barriers,  such  as  a  transparent  view  ot 
ihe  human  brain,  seeing  the  skull  and  all  the  internal  stnic- 
lures  at  once.  U  lakes  virtual  reality  beyond  what  is  possible 
in  actual  reality  to  see  any  solid  as  a  sort  of  3-D  line  drawing. 

■  Mediscience  Technology  Corporation  is  using  its 
recently  approved  endoscope  to  monitor  cancer  drug 
trials  at  Memorial  Sloan-Kettering  Cancer  Center... 

A  doctor  specializing  in  cancers  of  the  head  and  neck  is 
using  Medisciences  specialized  CD-Scan  endoscope  as  pan  of 
an  ongoing  phase  ll  drug  trial.  The  endoscope  can  examine 
the  light  signature  of  tissue  and  check,  in  real  time,  the 
response  of  the  patient  to  the  drug. 


■  PurePulse  Technologies  offers  a  cheap,  rapid,  effective 
way  to  kill  microorganisms  such  as  E.  coli  or 
Cryptosporidium. . . 

The  newspapers  are  strident  with  reports  of  antibiotic-resis¬ 
tant  bacteria  and  our  nations  burgeoning  problem  with  food- 


i 

f - - - - - 

and  water-borne  infections.  In  response  to  this  widespread 
concern,  PurePuIse  has  introduced  a  novel  "cool”  technology 
that  safely  eliminates  bacteria,  viruses,  and  hard-to-kill  spores. 


■  Applied  Modem  Technologies’  eye  tracker  can  bring 
expert  diagnosis  to  remote  and  underserved  communities. . . 

This  adaptive  optics-based  technology  could  allow  an  oph¬ 
thalmologist  to  evaluate  a  patient's  eyes  Irom  miles  awav 
closer  to  home,  the  quick,  accurate,  and  automated  eye 
screening  device  is  an  ideal  tool  lor  producing  more  accurate 
corrective  lens  prescriptions. 


■  Essex  Corporation  has  introduced  a  unique  Virtual  Lens 
Microscope that  can  give  scientists  an  unstained  view  of 
living  systems... 

Scientists  want  to  view  living  systems  in  a  natural  state  to 
understand  the  physical  and  chemical  basis  of  life.  Such 
knowledge  enables  us  to  diagnose  and  fight  disease.  This 
microscope,  based  on  radar  technology,  can  rapidly  acquire 
a  3-D  image  ol  living  matter  without  altering  its  stiiicture. 


Our  new  report  details  the 
latest  developments  in 


■  To  obtain  this  new  report, /rce  of  c/inrgc,  )'oii  may: 

■  Mail  the  completed  form  to  BMDO  Tcclinoloffcs 
Jor  Biomedical  Applicalions 

Ballistic  Missile  Defense  Organization 
c/o  National  Technology  IVansler  CTnier, 
Washington  Operations 
2121  Eisenhower  Avenue,  Suite  400 
Alexandria,  Virginia  22314 

■  Call  NTTCAVO  at  (703)  518-8800,  ext  500  or 

■  Fax  your  request  to  (703)  5 18-8086  or 

■  E-mail  the  editor  at  joan@nttc.edu 
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can  assist  the  life  sciences. 
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SECTION  A 
PRESENTATION 


Those  involved  in  ballistic  missile  defense  need  to  quickly 
and  efficiently  identify  objects  and  classify  them  as  friend  or 
foe,  gain  a  “big  picture”  view  of  the  ever-changing  battle¬ 
field,  and  track  missiles  in  three  dimensions.  Similarly,  doc¬ 
tors  need  to  distinguish  between  benign  and  malignant 
growths  and  require  high-resolution  images  with  a  sufficient¬ 
ly  large  fonriat  for  optimal  viewing.  Surgeons  especially  can 
benefit  from  the  gradually  evolving  virtual-reality  displays 
that  employ  3-D  imaging  techniques.  The  military’s  interest  in 
display  technology  has  yielded  some  promising  cutting- 
edge  ideas  for  displays  in  general,  with  applications  in  many 
areas,  including  medicine. 

1 .  A  novel  3-D  display  that  uses  a  rare-earth-doped  glass 
cube  to  create  a  truly  three-dimensional,  hologram-like 
image  that  can  be  viewed  from  any  angle. 

2.  A  prototype  3-D  display  that  intersects  two  laser  beams  in 
rubidium  vapor,  generating  visible  red  fluorescence,  with 
promise  for  full-color  applications. 

3.  A  high-speed  optical  processor  that  resulted  from  BMDO 
work  on  an  incoherent-to-coherent  converter  for  optical 
computing. 

4.  A  chip  architecture  that  stacks  integrated  circuits  and 
interconnects  them  vertically,  translating  to  faster  data  pro¬ 
cessing  and  downloading. 
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3-D  PICTURE 
IN  A  CUBE 


a  This  prototype  display  offers  true 
3-D  without  illusions. 


3-D  Technology  Laboratories  (Mountain  View,  CA)  was  founded  by 
Elizabeth  Downing,  Ph.D.,  in  1996.  Her  pioneering  work  in  3-D  display 
technology  at  Stanford  University  generated  enormous  interest  and  earned 
widespread  publicity.  Along  with  a  number  of  agencies,  BMDO  is  helping 
to  support  her  research  in  rare-eaijth-doped  glass  display  technology 
-  through  a  Phase  I  SBIR  contract.  The  appli¬ 
cations  are  numerous,  ranging  from  med- 

Some  neuroscientists  ,  .  ,  .  t  j  i 

ical  imaging  and  air  trallic  control  displays 

and  battlefield  management  monitors  to 

theonze  that  we  store 

video  games  and  virtual-reality  entertain- 
information  in  our  brains  ment  devices. 


holographicaily,  with  each 
memory  stored  in  several 
places  simultaneously. 

When  we  remember 
something,  all  these  areas 

are  alerted  at  the  same 

time  from  one  prompting 
neuronal  signal,  much  as 

a  laser  can  tease  out  an 

entire  image  from  a 
hologram  with  one  beam. 
Perhaps  this  is  why  we 

relish  3-D  reconstructions. 


HOW  IT  WORKS 

The  system  uses  two  computer-controlled 
infrared  lasers  to  trace  its  3-D  pictures 
inside  a  cube  of  special  laminated  glass, 
much  as  the  electron  beam  from  a  cathode 
ray  tube  traces  a  2-D  image  on  a  television 
screen.  The  energy  generated  at  the  point 
where  the  invisible  laser  beams  intersect 
makes  a  single  point  of  the  glass  glow  with 
visible  light — a  precise  dot  like  a  video 
screen  pixel  seemingly  suspended  in  space. 
“This  allows  you  to  address  a  pixel  any¬ 
where  inside  a  three-dimensional  volume, 
and  then  by  scanning  rapidly,  you  can  draw 
three-dimensional  images,”  says  Downing. 
The  lluorcscent  glass  display  uses  several 
rare-earth  compounds  that  emit  different 
colors  of  visible  light  when  struck  by  the 
laser  beam.  By  var)nng  the  chemistry  of  the 
glass,  the  designers  are  able  to  generate  red, 
blue,  and  green  light  and  mix  them  to  cre¬ 
ate  all  the  components  necessary  for  a  full- 
color  display 


The  prototype  display  is  about  a  cubic  inch 
in  volume,  and  the  pictures  it  contains  arc  simple  three-color  line  draw¬ 
ings,  which  serve  as  test  patterns.  But  its  developers  said  they  are  confident 
that  they  can  quickly  make  the  viewing  system  larger  while  making  its 
support  electronics  smaller.  Standing  between  the  developers  and  any 
immediate  commercial  application  are  technical  obstacles  such  as  the  cost 
of  the  high-purity  materials  needed  to  manufacture  the  special  rare-earth 
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glass  used  in  ihe  display  cube.  In  addition,  the  processing  demands 
imposed  by  daia-iniensive,  high-resolution  imaging  are  quite  high. 

MEDICAL  SIGNIFICANCE 

The  display  draws  real  volumetnc  images.  As  a  result,  all  the  normal  depth 
cues  that  arc  used  for  visualization  can  be  applied,  independent  of  the 
users  head  position.  No  processing  has  to  be  done  to  update  the  view 
when  the  users  perspective  changes.  This  is  one  of  the  primary  differences 
between  true  3-D  and  virtual-reality  or  stereoscopic  displays — no  latency 
due  to  rendering  scenes  from  a  new  direction.  The  unique  advantages  of 
this  system  lend  themselves  exceptionally  well  to  medical  imaging. 

The  display  can  offer  models  of  anatomy  that  are  not  limited  by  the  usual 
obscuring  barriers.  As  an  example,  a  surgeon  could  observe  a  transparent 
\ncw  of  the  human  brain,  seeing  the  skull  and  all  the  internal  structures  at 
once,  as  if  they  were  made  of  glass.  This  is  an  interesting  way  to  look  at 
physical  models.  It  takes  virtual  reality  beyond  what  is  possible  in  actual 
reality — to  see  any  solid  as  a  sort  of  3-D  line  drawing.  By  referring  to  land¬ 
marks  in  the  display,  surgeons  can  be  more  confident  that  they  are  avoiding 
vital  arteries  and  other  areas  as  they  move  their  instruments.  A  different 

view  can  be  oblamed  by  simply  looking  a.  a  ditteren,  pan  of  .he  display  * 

simple  to  complex. 

As  a  teaching  tool,  current  3-D  displays  arc  already  immensely  popular. 

Animation  and  viewability  from  any  angle  arc  further  advantages  ol  the 
new  technology.  The  heart  in  motion,  for  instance,  is  a  lar  more  inlorma- 
tive  representation  than  a  static  model. 

VENTURES  OR  PRODUCT  AVAILABILITY 

This  technology  is  in  the  research  phase.  Downing  has  obtained  generous 
support  from  the  National  Science  Foundation,  the  Air  Force,  the  Defense 
Advanced  Research  Projects  Agency,  and  the  National  Aeronautics  and 
Space  Administration,  and  is  submitting  a  Phase  I  SBIR  proposal  to  the 
National  Institutes  of  Health.  She  has  recently  made  a  technical  advance  by 
incorporating  praseodymium  into  a  ceramic  glass,  which  could  reduce  the 
cost  of  materials. 

CONTACT 

3D  Technology  Laboratories 
Elizabeth  Downing,  Ph.D. 

RO.  Box  1 14 

200  Flower  Blossom  Lane 
Mountain  View,  G\  94042-0114 
Telephone:  (415)  964-4410 
Facsimile:  (415)964-2844 
Email:  3dlabs@pipeline.com 
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ASTROTERRA’S  3-D 
VOLUMETRIC  DISPLAY 


•  This  carly-stcige  display  requires  no 
special  glasses  for  viewing. 


AsiroTcrra  (San  Diego,  CA)  demonstrated  a  3-D  display  during  a  BMDO 
Phase  I  SBIR  contract  and  is  looking  lor  a  commercial  partner  to  help 
define  the  direction  of  a  Phase  ll  development  effort.  BMDO  is  intrinsical¬ 
ly  interested  in  3-D  representations  of  objects  in  space  and  in  the  atmos¬ 
phere.  Tracking  airborne  objects  is  a!  job  best  done  in  three  dimensions,  as 

-  each  object  has  three  coordinates.  A  task 

such  as  air  traffic  control  derives  its  stressful 
nature,  in  part,  from  continually  translating 
2-D  data  into  meaningful  3-D  positions. 


The  World  Wide  Web  is 


a  host  to  many  medical 


image  sites,  some  of 
which  are  incorporating 
3-D  imagery  to  increase 

visual  interest  and  interac¬ 
tivity.  Now  if  only  the 
information  pipeline  could 
widen  enough  to  accom¬ 
modate  all  these  images! 


HOW  IT  WORKS 

The  display  technique  intersects  630-  and 
780-nanometer  laser  beams  in  rubidium 
vapor,  resulting  in  a  visible  red  fluorescent 
image  at  the  intersection  point.  Quickly 
scanning  the  intersection  point  in  a  given 
pattern  creates  a  3-D  image  that  can  be 
viewed  from  any  angle.  By  adding  lasers  of 
different  wavelengths,  it  is  also  possible  to 
create  green  and  blue  lluorescence  patterns 
and  eventually  produce  a  full-color  display. 
AstroTcrra  licensed  the  patent  on  this  tech¬ 
nology  from  ThermoTrex  Corporation  (San 
Diego,  CA)  based  on  work  done  at 
ThermoTrex  by  AstroTcrras  current  president. 


MEDICAL  SIGNIFICANCE 

In  procedures  such  as  brain  surgery,  anatomy  must  be  understood  and 
mapped  as  precise!}'  as  possible.  Surgeons  rely  on  computerized  axial 
tomography  scans,  conventional  x-rays,  and  magnetic  resonance  imaging 
studies  to  build  a  piecemeal  3-D  picture  to  determine  relative  positions  of 
problem  areas.  Increasingly  sophisticated  image -processing  techniques  are 
helping  to  fuse  information  from  these  diverse  imaging  modalities  to  cre¬ 
ate  a  realistic  model  of  human  organs.  Since  the  surgeon  will  be  operating 
in  a  three-dimensional  space,  a  3-D  image  better  represents  surgical  land¬ 
marks  and  helps  bring  precision  to  the  operating  theater.  An  image  that 
can  be  seen  Irom  any  angle  adds  more  realism  to  the  scene. 


For  medical  training,  3-D  imagery  is  also  invaluable.  First-year  medical 
students  spend  much  of  their  time  dissecting  cadavers  to  learn  anatomy 
and  physiology  While  virtual-reality  models  of  the  human  body  probably 
will  not  replace  cadavers  entirely  3-D  imagery  and  interactive  manipula- 
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lion  can  ccriainly  add  Lo  medical  education.  A  (ar  more  likely  and  wide¬ 
spread  use  ol  ihis  application  would  be  in  general  biologv^  Students  in  sec¬ 
ondary  schools  and  universities  are  turning  away  Irom  perlorming  tradi¬ 
tional  Irog  and  rat  dissections,  frequently  on  ethical  grounds,  in  lavor  ol 
studying  virtual  animal  models. 

I 

VENTURES  OR  PRODUCT  AVAILABILITY 

Thus  (ar.  the  technology  has  produced  simple  monochromatic  (red) 
images  of  cubes  and  a  rotating  globe. 

CONTACT 

.•\stroTerra  Corporation 
Eric  Korevaar,  Ph.D. 

1 1526  Sorrento  Valley  Road,  Suite  V 
San  Diego,  CA  92121 
Telephone:  (619)  792-8501 
I'acsimilo:  (619)  792-8503 
Email;  korevaahiPastro.com 
\  V  WW :  hup  ://\v'ww.  ast  rote  rra .  co  m 
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AWARD-WINNING  HIGH- 
SPSD  OPTICAL  PROCESSOR 


5  This  optical  processor  can  sharpen 
all  types  of  medical  displays. 


Silicon  Mouniain  Design,  Inc.  (SMD;  Colorado  Springs,  CO),  has  designed 
an  optical  processor  that  can  be  used  with  wsible  and  infrared  light,  as  well 
as  for  x-ray  applications.  This  lechnolog)^  grew  from  a  BMDO  SBIR  Phase 

-4 

I  project  to  dc\'clop  an  ultrahigh-speed  incohcrent-to-coherent  convener 
for  optical  computing,  meant  for  automatic  weapons  targeting.  The  con- 

-  verier  and  processor  have  applications  in 

night  vision  and  image  compression. 

Apoptosis,  or  ceil  suicide, 

HOW  IT  WORKS 


is  thought  to  play  a  role 


in  AIDS,  autoimmune 


diseases  such  as  lupus, 


and  cancer.  The  p53  tumor 


suppressor,  mutations  of 


which  are  found  in  about 


half  of  all  cancers,  is  a 


gene  that  controls  the 


pathway  to  cell  death. 


cal  input  leaiures  help  to  e 
speed  cameras. 


SMD  used  a  combination  of  micromachim 
ing  technology^  and  ultrathin-wafer  process¬ 
ing  to  put  a  charge-coupled  device  (CCD) 
and  a  spatial  light  modulator  (SLM)  on  the 
same  chip.  Because  the  SLM  directs  light 
onto  the  CCD,  the  light  conversion  is 
described  as  “incoherent  to  coherent.”  This 
parallel  arrangement  eliminates  the  data 
bottleneck  at  the  processor  input,  so  images 
can  be  acquired  much  more  rapidly  than 
with  a  serial  input  arrangement.  The  result 
is  a  high-speed  camera  that  has  medical  and 
industrial  applications.  As  an  example,  the 
SMD  Mach-1  digital  camera  can  run  at 
1 ,000  frames  per  second  with  spatial  reso¬ 
lutions  from  256  X  256  to  512  X  512  for  8- 
bit  pixel  depths.  The  cameras  parallel  opti- 
iminate  image  smearing  common  to  other  high- 


MEDICAL  SIGNIFICANCE 

The  high-speed  processor  can  improve  llie  image  quality  in  x-rays,  mam¬ 
mograms,  and  visible-light  micrographs.  High-speed  image  processing  is 
crucial  for  quickly  downloading  high-resolution  medical  images,  screening 
micrographs  such  as  those  used  in  automated  diagnostic  systems,  and  cap¬ 
turing  rapidly  occurring  events  in  living  cells.  For  real-time  Quoroscopic 
imaging,  in  which  x-rays  are  used  to  image  cardiac  catheterization  and 
angiography,  the  optical  processor  could  improN’c  image  clarity.  The  imager 
could  also  to  be  used  in  tandem  with  recently  approved  computer-aided 
diagnostic  systems  lor  Pap  smears.  Another  application  is  in  evaluating  cal¬ 
cium  ratios  in  cell  samples  to  determine  rales  of  cell  death.  Calcium  release 
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can  signal  cell  membrane  rupture  and  subsequent  cellular  demise. 
Apoptosis,  or  programmed  cell  death,  is  an  emerging  held  that  continues 
10  increase  our  understanding  of  the  mechanisms  behind  cancer  develop¬ 
ment  and  aging. 

VENTURES  OR  PRODUCT  AVAILABILITY 

SNiD  is  currently  performing  demonstrations  and  negotiating  with  two 
large  medical  imaging  companies  and  ivvo  major  automotive  manulactur- 
crs.  rhe  company  continues  to  investigate  applications  in  industrial  areas 
such  as  product  inspection  on  assembly  lines,  and  particulate  matter  m 
lubneants  and  hydraulic  Quids. 

SMD  is  also  working  with  the  University  of  Colorado  at  Colorado  Springs 
10  develop  a  solid-state  miniaturized  imager  with  a  disposable  imaging 
head  for  use  in  endoscopic  procedures. 

SMD  rccei\'cd  the  SBIR  Technology  of  the  Year  Award  for  its  optical  proces¬ 
sor  at  the  October  1995  Technolog)^  2005  conference,  held  in  Chicago. 
The  next  year,  SMD  won  the  Grand  Award  for  its  SMD-IM60  camera  at 
(he  October  1996  Technology  2006  conference,  also  held  in  Chicago. 

CONTACT 

Silicon  Mountain  Design,  Inc. 

Robert  I'horp 

5055  Corporate  Plaza  Drive,  Suite  100 
Colorado  Springs,  CO  80919 
Telephone:  (719)  599-7700 
Facsimile:  (719)  599-7775 
Fmail:  nhorp@smd.com 
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CHIP-STACKING  TECHNOLOGY 
FROM  IRVINE  SENSORS  &  JPL 


3  3-D  neural  networks  can  c/aieWv 
/process  and  analyze  inuii^cs. 


To  lit  ever  more  circuitry  into  computers,  manufacturers  and  designers  have 
demanded  narrow  line  widths  and  novel  chip  architectures.  Chip  stacking 
is  one  approach  to  both  increase  the  speed  and  decrease  the  size  of  multi¬ 


chip  modules  (MCMs).  This  3-D  architecture  would  shorten  chip  intercon¬ 
nections,  thus  producing  smaller,  fader  MCMs.  BMDO  has  funded  research 

-  into  this  technology  at  Irxane  Sensors 

Corporation  (ISC;  Costa  Mesa.  CA)  and  the 
Jet  Propulsion  Ltboratory  (JPL;  Pasadena, 
CA)  for  a  number  of  programs,  including 
VIGILANTE,  an  Innovative  Science  and 
Technology  project  that  has  as  its  goal  the 
development  of  a  neural-network  module 
are  so  pictorially  oriented  that  can  perform  image  recognition. 


Visual  processing  takes  up 


a  irttie  more  than  half  the 


brain’s  workload.  Humans 


that  the  blind  can  interpret 
touch  as  a  visual  signal. 
Neural  activity  in  areas  of 

the  brain  that  subserve 

vision  can  be  stimulated 

by  tracing  outlines  of 
simple  objects  on  the 
skin  of  a  blind  subject. 


HOW  IT  WORKS 

ISC  creates  its  MCMs  by  thinning  each 
wafer  layer  to  less  than  iOO  micrometers, 
patterning  it,  and  dicing  it  to  form  separate 
integrated  circuits.  After  surface  metalliza¬ 
tion,  the  chips  are  stacked  together,  aligned, 
and  bonded  with  a  ihcrmally  compatible 
epoxy.  Raised  metallic  leads  on  the  surface 
of  each  chip  provide  electrical  contact 
between  adjacent  chip  elements.  These 
through-thickness  electrical  connections 
reduce  circuit  path  lengths  and  thereby 
increase  the  modules  operating  speed.  The 
shorter  current  paths  also  reduce  overall 
power  consumption. 


I 'sing  this  technology  ISC  and  JPL  are  working  on  a  3-D  neural-network 
microprocessor.  Artilicial  neural  networks  are  designed  to  behave  approx¬ 
imately  as  human  brains  arc  thought  to  function;  they  enable  pattern 
recognition  and  learning  behaviors  that  are  difficult  for  conventional  com¬ 
puters  to  handle.  Thus,  a  neural-network  processor  in\’olvcs  large  numbers 
ol  data  and  prtKcssing  nodes  that  coniinuousK'  interact  with  each  other. 
The  ISC  chip-stacking  techniques  can  achieve  the  high  interconnection 
densities  neccssarv'  to  constaict  an  efficient  and  fast  neural  network. 


JPL  and  ISC  jointly  developed  and  designed  a  3-D  neural-network  micro¬ 
processing  module  called  3DANNt^C  as  well  as  a  new  device  called  the 
Neural  Processing  Module  (NPM).  The  3DANN  module  is  three-quarters 
the  size  of  two  stacked  sugar  cubes;  64  of  them  will  be  integrated  into  a 
cube  to  form  the  NPM.  Mounted  on  the  cube  w'lll  be  a  column  loading 
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input  circuit  chip  to  convert  Mdco  data  Irom  digital  to  analog  form  for  par¬ 
allel  processing.  This  image-processing  de\1ce  is  expected  to  be  able  to  per¬ 
form  specialized  functions  at  up  to  a  trillion  operations  per  second. 

MEDICAL  SIGNIFICANCE 

Medical  imaging  applications  demand  an  enormous  amount  of  data 
throughput  for  downlexading  and  reviewing  x-rays,  computed  tomography 
scans,  MRIs,  and  ultrasound  studies  in  a  timely  and  clinically  practical 
manner.  Just  one  mammogram  can  contain  24  to  40  megabytes  ol  pixel 
data.  Considering  that  a  single  radiological  consult  on  a  suspicious  mam¬ 
mogram  requires  eight  separate  images  dour  current  views  compared  with 
four  historical  views),  one  patient  means  192  to  320  megabytes  ol  data. 
Anyone  who  has  twiddled  thumbs  while  downloading  mere  kilobytes  of 
data  over  a  pretty  good  T1  line  will  immediately  recognize  the  problem. 
ISC’s  device  can  process  more  than  15,000  images  that  arc  64  X  64  pixels 
each,  while  the  embedded  neural  network  can  supplement  the  throughput 
1  unction  with  computer-aided  diagnosis  soltware.  As  lilmless  or  digital 
mammography  comes  into  common  use,  the  3-D  processor  will  be  inher¬ 
ently  compatible  with  such  systems. 

VENTURES  OR  PRODUCT  AVAILABILITY 

military  demonstration  ol  the  chip  is  scheduled  lor  late  summer  1997. 

CONTACT 

Irvine  Sensors  Corporation 
Lynn  O'Mara 

3001  Redhill  Avenue,  Building  3 
Costa  Mesa,  CA  92626 
Telephone:  (714)  444-8718 
racsimilc:  (714)  557-1260 
I :  ma  i  1 ;  I  o  ma  ra(^  i  rvi  ne  -sc  nso  rs .  com 

WWW;  http://www,  irvine-scnsors.com 
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S  E  C  T  I  O  N  B 

S  T  O  R  A  G  E  AN  D  TRANS  MISSION 

While  remarkably  compact  in  conveying  meaning  to  our 
brains,  visual  information  takes  up  a  lot  of  space  in  electron¬ 
ic  form.  And  as  many  have  discovered  to  their  foot-tapping 
chagrin,  it  also  takes  an  awfully  long  time  to  download.  War- 
weary  military  planners  and  HMO-frazzled  doctors  alike  must 
be  able  to  store  and  quickly  recall  information  if  it  is  to  be  of 
value.  A  wider  data-transfer  conduit  Can  be  achieved  in  a 
number  of  ways;  fiber-optic  technologies  have  already  great¬ 
ly  improved  and  continue  to  increase  the  carrying  capacity  of 
the  information  pipeline.  In  addition,  new  optical  media  can 
be  manipulated  to  store  data  more  compactly. 

1.  A  university-based  network  testbed  that  will  employ 
advanced  optical  switching  and  multiplexer  technologies  to 
enable  distributed  image  processing  and  shared  access  at 
transfer  rates  greater  than  1  gigabit  per  second. 


BMDO  HISTORY 


FIBEfWP'nC  TESTBED 
AT  UCSD  UNDER  WAY 


^  Highspeed  networks  help  doctors 
see  important  information  quickly. 


The  University  of  California  at  San  Diego  (UCSD;  San  Diego,  CA)  is  devel¬ 
oping  a  regional  network  devoted  to  medical  imaging  as  part  of  a  consor¬ 
tium  on  photonic  computing  networks.  This  effort  is  being  funded  by 
BMDO  through  a  Focused  Research  Initiative  on  Photonics  for  Data  Fusion 
Networks.  The  network  will  employ  advanced  optical  switching  and  mul¬ 
tiplexer  technologies  to  enable  distributed 
image  processing  and  shared  access  at  giga- 
bit-per-second  transfer  rates.  Defense  agen¬ 
cies  in  general  are  interested  in  similar  high¬ 
speed  networks  that  can  link  real-time  sur- 
v’eillance,  simulations,  and  archived  geo¬ 
graphic  data  for  battle  management. 
Confidentiality  and  security  during  informa¬ 
tion  transfer  are  also  major  concerns  for  med¬ 
ical  practitioners  and  hospital  administrators. 


Fiber-optic  systems  will 
be  crucial  to  implement 
President  Clinton’s  call 

to  connect  the  nation’s 

schools,  libraries,  hospi¬ 


tals,  and  clinics  to  the 


National  Information 


Infrastructure,  better 


known  as  the  Internet, 


by  the  year  2000. 


HOW  IT  WORKS 

The  testbed  network  links  several  UCSD 
medical  departments,  the  School  of 
Medicine,  a  computer  engineering  depan- 
.  ment,  a  regional  Veteran's  Administration 
Medical  Center,  NASAs  Jet  Propulsion 
Laboratory,  and  the  San  Diego  Supercomputer 
Center.  The  UCSD  effort  to  date  has  con¬ 
centrated  on  determining  the  imaging  vol¬ 
ume  for  computed  tomography  (CT),  mag¬ 
netic  resonance  imaging  (MRI),  ultrasound,  and  x-ray  diagnostic  needs, 
from  the  standpoint  of  storage  and  retrieval  requirements  as  well  as  traffic 
management  on  the  network.  The  researchers  have  also  undertaken  an 
extensive  study  of  clinical  needs,  to  include  both  the  quality  and  presenta¬ 
tion  of  the  image  data  and  the  real  service  needs  of  the  user.  Real  needs 
would  include  how  last  a  physician  can  pull  up  a  patient  history  or  a  clini¬ 
cal  image,  access  to  monitors  in  the  radiolo,g>^  department,  large  enough 
screens  lor  comparative  studies  (such  as  comparing  past  mammograms 
with  present  ones),  search  engines  for  finding  records,  and  even  allowance 
(or  the  radiologist's  traditional  reliance  on  grease  pencils  and  film  images. 


MEDICAL  SIGNIFICANCE 

Information  management  and  image  presentation  have  become  an  area  of 
concentration  for  clinicians  and  administrators  alike.  S)'stems  must  be  user 
friendly,  quick  to  respond,  and  above  all  accurate.  So  far,  the  UCSD  pro¬ 
ject  has  yielded  a  prototype  system  at  the  UCSD  Fiillcrest  Center  that 
allows  radiologists  to  use  a  touch  screen  to  manipulate  images  and  patient 
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records  on  eight  high-resolution  monitors.  All  monitors  are  dual  purpose, 
displaying  either  images  or  text.  Doctors  can  view  eight  full-size  x-ray 
images  at  once.  Smaller  systems  have  been  developed  for  an  intensive  care 
unit,  allowing  for  seamless  interaction  between  patient  databases  and  the 
physician.  Currently,  data  transmission  with  a  small  sample  database  is 
performed  over  an  Ethernet  connection  at  iOO  megabits  per  second.  ! 

In  addition,  the  project  is  also  planning  a  line-of-sight  laser  linkage  between 
Hillcrest  Center  in  San  Diego  and  another  participating  center  in  La  Jolla. 

VENTURES  OR  PRODUCT  AVAILABILITY 

The  technical  objectives  of  the  UCSD  program  are  to  explore  and  eventu¬ 
ally  implement  a  scalable  third-generation  terabit-per-second  photonic 
network  architecture  and  protocol  for  distributed  imaging  environments. 

In  addition,  the  project  will  investigate  spectral-domain  processing  using 
ultrashort  pulses  for  terabit-per-second  data  rates  and  will  address  securi- 
i\'  issues  using  classical  and  quantum  cryptography.  UCSD  will  also  devel¬ 
op  network  interlaces  between  fiber-optic  imaging  networks  and  wireless 
networks.  Tltcrc  is  a  considerable  R&D  phase  ahead  before  the  photonic 
icsibcd  is  actually  constructed.  Conventional  connections  (such  as  the 
Eihcrnci  mentioned  above  and  ATM)  are  now  being  used  to  develop  the 
practical  framework  of  this  initiative. 

Data  fusion  in  real  time,  such  as  superimposing  MRl  images  over  CT 
images,  is  another  goal  of  this  project.  Work  in  this  area  is  being  performed 
at  Brown  University  (ProMdence,  RI). 

CONTACT 

University  of  California  at  San  Diego  Medical  Center 
Albert  L.  Kellner,  Ph.D. 

Department  of  ECE,  0407 
0500  Gilman  Drive 
La  Jolla,  CA  02093-0407 
Telephone:  (619)  534-7919 
Facsimile:  (619)  534-2486 
E  mail :  a  kel  1  ner@ucsd .  edu 
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liioiiicdical  ivscarthcrs  ivK  on  many  clillcrcnl  methods  {o  \\v\p 
them  see  heM>nd  the  laeade  that  hides  the  workings  of  die  organ¬ 
ism.  We  Iia\e  seen  a  re\olulion  in  our  ability  to  deeiplier  the 
proeesses  tliat  control  growtli  and  metaliolism.  and  the  diseases 
dull  result  w  hen  these  processes  are  disordered.  I  he  methods  used 
are  diverse  and  represent  intersections  between  diseijilines  that 
luue  long  ojieraled  on  juirallel  tracks.  Now  the  jihysies  that  pro¬ 
duced  lasers  and  radar  meets  the  biology  that  brought  us  awareness 
of  the  molecules  ol  lile.  Materials  seience  crosses  paths  w  ith  med¬ 
ical  interventions  such  as  laparoscojiy  and  implant  surgery  and 
with  hiotechnologv  tasks  such  as  genetic  anaksis.  SpectroscopN. 
once  the  domain  ol  chemists  and  astronomers,  now  helps  to  iden- 
tily  placpie  in  the  lumen  ol  arteries  and  e\  en  the  presence  ol  cancer. 


kssex  C  orporations  N'irtual  kens  Microscope 
Simple  Isotope  Scjiaiation 
Superex  kolymer  luhing 
C  hip-Sized  Katliation  Monitor 

\ersatile  lunahle  i  ilter  lor  Optical  Tasks 
High-Speed  Molecular  Modeling 
I  iSAT  l  aser  Tor  C  ytometers 

.WI  T:  Ihnocular  kD  I:ye  Iracker 
Delormahle  Mirrors  to  Uncover  I-ye  Disorders 
Nil!  Inirared  Microscope 
.Advanced  Imaging  Spectrometer 
M  r(!'s  iindoscope 

Raman-lkised  (iene  krohe  Technology 
Nanophosphors 
C)ptical  biopsy 

Sagebrush  Ciimhal  lor  Needle  Ihopsy 


SECTION  A 
DETECTION 

Nondestructive  testing  allows  us  to  study  life  with  minimal 
alteration  and  disruption.  Minimally  invasive  methods  to 
diagnose  disease  are  increasingly  relied  upon  to  reduce  risk 
and  discomfort  to  the  patient.  We  monitor  our  surroundings 
to  detect  harmful  environmental  influences  and  prevent  their 
deleterious  effects.  Radioactive  tracers  can  pinpoint  tumors, 
detect  stroke  damage,  and  assist  in  metabolic  studies.  All 
these  important  enterprises  have  benefited  from  evolution 
and  innovation  in  technology. 

1 .  A  synthetic  aperture  radar  microscope  that  can  produce 
high>resolution  3-D  images  within  seconds. 

2.  An  isotope  separation  method  that  economically  produces 
carbon-1 3  for  diagnostic  tests. 

3.  A  high-strength,  sterilizable  polymer  tubing  that  is  both 
versatile  and  economical. 

4.  A  low-cost,  compact  radiation  monitor  that  can  better 
quantify  radiotherapy  regimes  as  well  as  protect  workers  in 
nuclear  medicine. 


BMDO  HISTORY 


ESSEX  CORPORATION'S 
VIRTUAL  LENS  MICROSCOPE™ 


•  This  microscope  will  support  new 
standards  in  nondestructive  analysis. 


Essex  Corporation  ((A)lLimbia,  MD)  has  developed  a  X’iriual  Lens 
Microscope (\'LM),  based  on  the  principles  of  synthetic  aperture  radar 
(SAR),  that  can  produce  high-resolution  3-D  images  in  a  few  seconds.  The 
microscope  uses  coherent  light,  in\andcm  with  Essex's  patented  ImSyn 
image  processor,  to  produce  holographic  images  with  a  resolution  ofonc- 

-  quarter  the  incident  wavelength  used  to 

illuminate  the  object.  BMDO  sponsored  the 
development  of  a  wideband  range-Dopplcr 
imager  for  ground-based  radar,  from  which 
both  ImSvn  and  the  VLM  resulted. 


Antony  van  Leeuwenhoek 


first  observed  “animal¬ 


cules”  in  the  17th  century 
with  a  magnifying  lens,  not 
the  compound  microscope 
of  his  British  contempo¬ 
rary,  Robert  Hooke. 
However,  Leeuwenhoek’s 
lens-grinding  skill  and 
acute  eyesight  allowed 

him  better  resolution  with 

his  one-lens  system  than 

with  the  inferior  two-lens 

system  of  the  period. 


HOW  IT  WORKS 

The  VLM  can  operate  in  the  ultra\iolet,  vis¬ 
ible,  infrared,  and  microwave  regions  of  the 
spectrum.  Thus  if  the  operating  wavelength 
is  in  the  ultraviolet  sector,  objects  as  small 
as  70  nanometers,  or  one-hundredth  the 
diameter  of  a  human  hair,  can  be  resolved. 
The  VLMs  resolution  is  also  independent  of 
working  distance,  so  very  small  images  can 
be  resolved  from  several  inches  away.  The 
ImSyn  opioelectnmic  processor  uses  a  two- 
dimensional,  discrete  Fourier  transform 
algorithm  to  produce  a  256  X  256  pixel,  32- 
bit  complex-valued  transform  (equivalent 
lo  65,536  samples  processed)  in  as  little  as 
50  milliseconds.  C'onvcntional  methods 
such  as  data  regridding  followed  by  a  fast 
Fourier  transform  image  reconstruction  are 
not  rapid  enough  to  provide  the  high 
throughput  and  rapid  data  processing 
needed  lor  a  variety  of  imaging  modalities, 
including  VLM,  spiral  magnetic  resonance 
imaging,  and  computed  tomography 


MEDICAL  SIGNIFICANCE 

A  nondestructive  microscope  that  can  image  features  as  small  as  70 
nanometers  would  be  ideal  for  viewing  cell  organelles,  chromosomes,  and 
organic  molecules.  Unlike  electron  microscopes,  which  require  consider¬ 
able  alteration  of  the  sample,  or  two-photon  confocal  microscopes,  which 
have  problems  with  phoiobleaching  (image  washout),  the  VLM  can  pro¬ 
vide  a  three-dimensional  view  of  living  matter  with  minimal  preparation. 
Researchers  in  molecular  genetics,  cellular  and  molecular  biology,  all 
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aspects  of  medicine,  and  physiology  would  find  the  VLM  a  diverse  tool  for 
gathering  accurate  information  about  life  processes. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Essex  has  a  working  relationship  with  the  University  of  Maryland  Medical 
School  for  the  study  of  video-rate  MRI  images  produced  by  the  ImSyn 
processor  and  is  also  targeting  the  defense  market  lor  applications  of 
ImSyn  and  SAR  technologies,  including  VLM.  The  first  SAR  processor  was 
delivered  in  late  1996,  with  several  orders  placed  for  delivery  in  the  first 
quarter  of  1997.  SAR  can  penetrate  foliage,  camouflage,  and  shallow  soil 
to  detect  vehicles,  buildings,  mines,  and  other  objects  that  cannot  be 
detected  by  conventional  radar  systems. 

CONTACT 

Essex  Corporation 
David  Parry 
9150  Guilford  Road 
Columbia,  MD  21046-1891 
Telephone:  (1-800)  533-7739 
Facsimile:  (301)  953-7880 
Email:  dap@essexcorp.com 

WWW:  http://www.esscxcorp.com 
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SIMPLE  ISOTOPE  SEPARATION 


•  A  JcistCf;  cheaper  method  of  separating 
isotopes  can  help  visualize  brain  function. 


NanoDynamics.  Inc.  (New  York,  NY),  developed  a  method  for  separating 
carbon  isotopes  through  a  BMDO  Phase  I  SBIR  contract  for  synthetic  dia¬ 
mond  film  growth.  BMDO  has  had  a  long-term  interest  in  diamond  sub¬ 
strates  because  of  their  superior  (hermal  and  conductive  properties  in 
microelectronic  devices.  Through  tjhis  research,  NanoDynamics  found  an 

economical  method  of  separating  carbon- 
12  and  carbon- 13  from  natural  carbon 
sources.  The  method  can  reduce  the  cost  of 
enriched  carbon- 12  from  $100  to  less  than 
$10  per  gram. 

HOW  IT  WORKS 

NanoD>Tiamics’  separation  process  takes 
advantage  of  the  difference  between  the 
masses  of  the  two  isotopes,  in  a  method 
called  time-of-flight  separation.  The  methane 
gas  from  which  the  carbon  isotopes  are  iso¬ 
lated  is  accelerated  to  supersonic  speeds,  and 
the  two  isotopes  are  collected  from  two  sep¬ 
arate  rotating  nozzles.  This  “garden  hose” 
separation  method  is  much  more  cost-elTec- 
tive  than  conventional  distillation  methods. 

MEDICAL  SIGNIFICANCE 

Carbon- 13  is  a  nonradioactive  isotope  that 
has  at  least  two  medical  applications  in  diag¬ 
nostic  medicine.  The  first  is  as  a  constituent 
of  urea,  which  is  administered  orally  as  part 
of  a  simple  test  for  the  ulcer-causing 
pathogen  Hdicohcictcr  pylon.  The  bacienum 
ingests  the  urea  and  excretes  it  as  carbon 
dioxide  (CO:)  as  part  of  its  metabolic  waste. 
With  a  breath  analyzer,  the  expired  CO:  is  analyzed  for  isotopic  content, 
indicating  the  presence  or  absence  of  the  bacterium.  The  breath  test  is  a 
major  improvement  over  the  two  alternative  procedures  for  detection, 
blood  tests  for  antibodies  to  the  organism  and  endoscopic  stomach  biopsy. 

A  similar  breath  test  can  be  used  for  nutritional  studies,  but  with  amino 
acids  tagged  with  the  isotope.  This  information  can  be  used  to  study  rates 
of  protein  turnover  (how  fast  one  uses  proteins),  energy  expenditure 
(metabolic  rate),  and  nutritional  availability  of  certain  foodstuffs. 


For  decades,  gastric 

ulcers  were  considered  a 

result  of  excessive  stom¬ 
ach  acid  production  or 
stress,  until  a  determined 
researcher  deliberately 

drank  a  solution  contain¬ 
ing  Helicobacter  pylori.  It 
took  just  a  few  more 
years  to  confirm  that  the 

bacterium  causes  the 

great  majority  of  ulcers 

in  the  stomach. 
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Because  it  has  propenies  that  make  it  easy  to  detect  in  an  MRl  examination, 
carbon- 13  can  also  be  used  as  a  constituent  of  glucose  for  functional  MRI 
studies.  For  instance,  glucose  utilization  in  the  brain  is  routinely  studied  as 
a  window  into  brain  function.  Neurologists  ask  patients  to  perform  tasks 
and  obser\’c  which  areas  of  the  brain  “light  up”  because  of  increased  glucose 
uiilization.  In  this  way  researchers  can  deduce  the  basic  functions  of  brain 
areas,  and  clinicians  can  assess  patients  for  loss  or  gain  of  function  during 
ihe  course  of  a  disease, 

VENTURES  OR  PRODUCT  AVAILABILITY 

NanoOvnamics  is  seeking  partnerships  to  develop  products. 

CONTACT 

NanoD\Tiamics,  Inc. 

Chia-Gee  Wang,  Ph.D. 

510  East  73  rd  Street 
New  York.  NY  10021 
Telephone:  (212)  249-2232 
Facsimile:  (212)  249-4021 
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SUPEREX  POLYMER  TUBING 


•  Reusable  and  rugged  tubing  for 
endoscopic  procedures — an  unexpected 
result  of  defense  research. 


Superex  Polymer,  Inc.  (Waltham,  MA),  a  subsidiary  of  Foster-Miller,  Inc., 
has  adapted  an  ordered  polymer  technology  developed  originally  for  Air 
Force  and  BMDO  cryogenic  containers.  In  the  quest  for  an  inherently  strong 
plastic  with  militarily  interesting  features  such  as  radiation  hardness,  the 
company  found  other  applications  for  the  material.  Superex  uses  an  extru- 

-  sion  process  that  yields  polymer  tubing  with 

many  characteristics  useful  for  medical, 
electronic,  and  structural  applications. 


“Keyhole”  surgery  has 


recently  made  kidney 
donation  a  less  painful 
experience.  Instead  of  the 
wide  incision  formerly 

used  to  remove  the  donor 

kidney,  the  operation  can 
now  take  place  with  four 
small  punctures  for  instru¬ 
ments  and  a  small  incision 

for  extrusion  of  the  kidney. 

The  new  method  has 


HOW  IT  WORKS 

Ordered  polymers  are  a  subset  of  plastics 
that  form  a  sclf-reinforcing  microstructure 
of  fine  fibers.  These  polymer  fibers  are  100 
to  1,000  times  finer  than  those  used  in  con¬ 
tinuous  fiber  reinforcement  and  100  times 
less  permeable  to  oxygen  and  water  vapor 
than  commonly  used  polymers.  Used  as  a 
packaging  material,  they  can  provide  as 
much  protection  with  a  single  layer  as  other 
polymers  provide  with  multiple  layers. 
They  arc  microwavablc,  sierilizable  under 
standard  autoclave  conditions,  and  recy¬ 
clable.  When  they  are  extruded  as  tubing, 
their  properties  of  low  thermal  expansion, 
resistance  to  cracking,  low  electrical  and 
thermal  conductivity,  and  high  tensile 
strength  make  them  very  desirable  compo¬ 
nents  for  medical  use. 


greatly  reduced  donor 


recovery  time,  blood  loss, 


and  scarring. 


MEDICAL  SIGNIFICANCE 

endoscopic  examinations  and  surgeries, 
catheterization  procedures,  and  the  new 
"keyhole”  surgical  techniques  require 
strong,  reliable  fibers  that  can  be  sterilized 
or  cheaply  disposed  of.  In  addition,  some 
procedures  have  unique  problems  that  can  be  addressed  by  small  changes 
in  the  basic  materials.  In  cystoscopy,  for  example,  a  fiber  optic  is  placed 
inside  a  tube  that  is  then  inserted  through  the  urethra  into  the  bladder.  A 
urologist  can  also  insert  the  tubing  beyond  the  bladder  and  into  the  ureters 
that  lead  to  the  kidneys,  but  the  tube  must  be  properly  guided,  both  to 
avoid  injury  to  the  patient  and  to  shorten  the  time  spent  in  this  semi-inva- 
sive  examination.  Because  catheters  tend  to  flop  over  once  they  have 
entered  the  bladder,  they  are  difficult  to  control.  The  improved  strength 
and  stiffness  of  ordered  polymers  can  make  catheters  easier  to  guide. 
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VENTURES  OR  PRODUCT  AVAILABILITY 

Foster-Miller  has  received  eight  patents  lor  its  ordered  polymer  technology. 
ACT  Medical,  Inc.,  is  one  of  three  companies  that  have  licensed  process¬ 
ing  technology  from  Superex;  at  least  three  other  companies  are  negotiat¬ 
ing  licenses. 

CONTACT 

Superex  Polymer,  Inc. 

Richard  W  Lusignea 

350  Second  Avenue 

Waltham,  MA  02154 

Telephone:  (617)  890-3200 

Facsimile:  (617)  890-4084 

Email:  kkelley@foster-miller.com 

WWW:  http://www.foster-miller.com 
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CHIP-SIZED  RADIATION 
MONITOR  ' 


•  This  nmlti-faccLcd  chip  can  fly  space 
missions  and  protect  earthbound  workers. 


The  Jet  Propulsion  Laboratory  QPh;  Pasadena,  CA)  has  developed  a 
BMDO-funded,  chip-sized  radiation  monitor  that  combines  a  total  dose 
monitor,  a  particle  spectrometer,  and  readout  electronics  on  a  single  inte- 
grated  circuit  package.  Advantages , of  this  scheme  include  small  size  (the 
chip  area  is  1  square  centimeter),  itw  cost,  and  low  power  consumption. 

The  monitor  flew  on  the  Clementine  and 
Space  Technology  Research  Vehicle  (STRV- 
Ib)  space  missions.  In  these  space  Rights, 
the  chip  provided  total  radiation  data  from 
the  Earths  radiation  belt  and  tracked  the 
radiation  from  a  solar  flare  that  occurred  on 
February  21,  1994.  BMDO  is  also  sponsor¬ 
ing  chip  development  for  the  STRV-2,  in 
which  14  total  dose  monitors  will  fly  on  the 
Space  Active  Modular  Materials  Experiment. 

HOW  IT  WORKS 

The  total  dose  monitor  in  this  chip  consists 
of  two  p-type  field-effect  transistors  (p- 
FETs).  The  p-FETs  operate  by  monitoring 
shifts  in  the  threshold  voltage  (the  gate  volt¬ 
age  at  which  the  chip  turns  from  off  to  on) 
that  occur  when  exposed  to  radiation. 

The  particle  spectrometer  consists  of  a  4- 
kilobit  static  random-access  memory  (SRAM)  chip  that  is  designed  to 
enhance  the  Tsingle-event-upset  effect,”  a  radiation-induced  disruption  of 
SRAMs  used  as  memory  devices.  Space  satellite  components  can  be 
knocked  out  by  events  such  as  these,  leading  to  failure  of  costly  experi¬ 
ments  and  disruption  of  military  and  commercial  satellite  functions.  By 
enhancing  this  effect,  the  SRAM  can  detect  exposure  to  protons,  alpha 
radiation,  and  high-energy  ions.  In  a  test  aboard  the  Clementine  spacecraft, 
ihc  SRAM  particle  spectrometer  displayed  a  very  wide  detection  range, 
showed  that  it  is  not  affected  by  electronics,  and  detected  a  series  of  solar 
microflares  over  a  span  of  26.5  days. 

MEDICAL  SIGNIFICANCE 

JPLs  chip  has  been  used  to  calibrate  proton  beam  delivery  at  the  Loma 
Linda  Proton  Therapy  Facility.  Proton  beams  penetrate  deeper  into  tissues 
than  the  x-rays  used  in  conventional  radiotherapy.  For  deep-seated  tumors 
that  are  inoperable,  proton  radiation  can  better  target  the  lesion  without 
exposing  the  normal  tissue  in  the  path  ol  the  beam  to  excessive  radiation. 
X-rays  tend  to  deliver  most  of  their  energy  at  the  surface,  and  thereafter 


Ionizing  radiation  was 
once  considered  a 

salubrious  force.  In  the 

early  part  of  this  century, 
radon  was  sold  in  special 
inhalers  as  a  tonic.  Now, 

millions  of  dollars  are 

spent  annually  to  pump 
radon  gas  out  of  dwellings. 
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dissipate  their  cnerg)^  dilTusely  through  tissue.  JPhs  results  show  that  the  p- 
FET  calibration  was  belter  than  the  standard  ion  chamber  calibration,  and 
the  p-FET  chip  was  more  convenient  to  use.  The  p-FET  monitors  could  be 
used  during  radiation  treatments  to  ensure  that  neither  too  much  nor  too 
little  radiation  exposure  occurred  so  that  treatment  could  be  saier  and 
more  clTicient. 

For  laboratory  and  industry  workers,  this  chip  could  also  be  used  as  a 
monitor  lor  those  who  frequently  work  around  radiation,  including  tech¬ 
nicians  in  hospitals,  veterinary  clinics,  and  life  science  and  physical  science 
laboratories.  It  could  be  worn  by  power  plant  operators  and  nuclear  waste 
cleanup  crews,  as  well  as  used  to  separately  monitor  any  escaping  radia¬ 
tion.  The  solid-state  monitors  could  also  be  checked  daily,  rather  than 
monthly  or  quarterly,  like  the  film  badges  used  now. 

VENTURES  OR  PRODUCT  AVAILABILITY 

JPL  is  developing  two  commercial  applications  for  Lockheed  Martin — one 
uses  the  chip  as  a  spacecraft  charge  monitor,  and  the  other  will  fly  on  the 
Intelsat  communication  satellite.  JPL  is  also  seeking  commercial  partners 
for  dewlopment  of  radiation  dosimeters  for  personnel,  as  well  as  lor  radio- 
iherapN'  calibration. 

CONTACT 

jet  Propulsion  Ltboratory 
Marlin  Buehlcr,  Ph.D. 

California  Institute  of  Technology 
4800  Oak  Grove  Drive 
Pasadena,  CA  01109 
Telephone:  (818)  354-4368 
Facsimile:  (818)  393-4820 

Email:  Mariin.G.Buehler@ccmail.jpl.nasa.gov 

VVWA\':  iut  p  :/Avww  j  p  I .  nasa .  gov 
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SECTION  B 
ANALYSIS 


Spectroscopic  methods  are  unlocking  the  chemical  secrets  of 
heart  disease  and  cancer,  enabling  doctors  to  make  diag¬ 
noses  at  an  earlier  stage  of  disease.  Advanced  computer 
algorithms  predict  critical  structures  that  pave  the  way  for  life¬ 
saving  phannaceuticals  and  new  antibiotics.  Solid-state  laser 
diodes  light  up  the  surfaces  of  lymphocytes  and  the  interiors 
of  nuclei,  advancing  research  in  innumerable  directions. 

1 .  An  acousto-optic  tunable  filter  that  aids  in  the  spectro¬ 
scopic  examination  of  unstable  plaque  in  cardiac  arteries. 

2.  A  computer  algorithm  that  increases  computational  speed 
for  predicting  molecular  structures  useful  to  pharmaceutical 
and  other  industries. 

3.  Compact,  solid-state  laser  diodes  for  cytometry  (cell  sort¬ 
ing  and  identification). 


BMDO  HISTORY 


VERSATILE  TUNABLE  FILTER 
FOR  OPTICAL  TASKS 


•  Rac/i()/rc’c[uc/icv-/?asc’ci  technology 
from  Gcncia  helped  improve  a  common 
biotech  task 


Gicncia,  Inc.  (East  Hartford,  CT),  developed  acousto-optic  tunable  filters 
(AOTFs)  (or  use  in  target  identification  and  surveillance  systems.  In  1992, 
Cicncia  was  awarded  a  BMDO  SBIR  Phase  1  contract  to  develop  a  dynami¬ 
cally  adjustable  amorphous-material-^ased  AOTF  to  replace  birefringent 
crystals.  Phase  ll  funding  was  later  awarded  to  pursue  further  development 
- : -  of  the  polymer  AOTF  for  use  in  sensors.  The 

AOTF  originally  meant  to  capture  ultraviolet 
Mucosal  dysplasia  is  a  >  ,  ,  .  i 

radiation,  has  proven  to  be  a  versatile  tool 

.  with  a  considerable  impact  in  biomedical 

precancerous  condition  ^ 

and  biotechnology  areas.  For  example, 
that  occurs  in  the  Ciencia  is  developing  a  prototype  AOTF- 

based  optical  probe  that  may  help  to  pin- 
gastrointestinal  tract,  point  certain  types  of  hean  disease  by  detect¬ 

ing  unstable  plaque  in  the  coronary  arteries. 


mouth,  pharynx,  bladder, 
cervix,  and  lung.  Cancers 
that  originate  in  these 

areas  account  for  a 

quarter  million  deaths  per 


In  addition,  radiofrcquency  generation 
technology  developed  under  a  BMDO  SBIR 
for  implementation  of  AOTFs  is  at  the  heart 
of  the  least  expensive  and  most  rapid  fluo¬ 
rescence  lifetime  sensing  system  on  the 
market.  The  system,  called  LifeSense*^',  is 
manufactured  and  distributed  by  Oriel 
Instruments  (Stratford,  CT). 


year  in  the  United  States. 


HOW  IT  WORKS 


Acousto-optic  devnees  use  ultrasound  to 
alter  the  refractive  index  of  an  optical  medi¬ 
um,  typically  a  cr\^staL  Cicncia  developed  an  AOTF  based  on  an  organic 
amorphous  material  rather  than  crystals.  Amorphous  materials  are  easier 
and  cheaper  lo  make  than  crystals,  allow  (or  uniformity  and  quality  con¬ 
trol  during  manufacturing,  and  permit  independent  control  of  bandpass 
and  bandwidth. 


By  the  application  of  mechanical  stress  or  electric  fields,  Ciencias  amor¬ 
phous  medium  can  be  induced  to  exhibit  birefringence,  a  type  of  refrac¬ 
tion  in  which  the  speed  of  light  through  the  material  depends  on  direction 
as  well  as  the  lights  (requcncy.  Birefringence  allows  the  AOTF  to  separate 
light  into  diifcrcnt  colors.  Unlike  an  ordinary  monochromator,  the  AOTF 
can  be  tuned  electronically,  so  it  has  no  moving  parts.  In  addition  to  being 
tunable,  the  polymcnc  device  can  produce  spectrally  resolved  images. 


MEDICAL  SIGNIFICANCE 

Optical  Signatures.  Recent  studies  suggest  that  the  chemical  composition 
of  arterial  plaque  can  indicate  whether  a  person  is  likely  to  develop  a  blood 
clot.  Ciencias  Raman-spectroscopy-based  optical  probe,  coupled  with  the 
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AOTE  can  reveal  whether  a  plaque  contains  destabilizing  compounds,  such 
as  collagen  or  oxidized  low-density  lipoprotein  (LDL,  or  “bad  cholesterol), 
that  might  raise  the  risk  ol  clot  tormation.  The  filters  help  decipher  the 
chemical  signatures  picked  up  by  the  probe,  which  would  be  inserted 
through  an  ultrasound-guided  catheter  into  the  arteries  ot  the  heart. 

When  developed,  the  optical  probe  can  help  to  detect  patients  who  are 
poor  candidates  for  balloon  angioplasty,  which  carries  the  risk  ol  postpro- 
cedure  clot  development.  An  even  more  promising  application  ol  this  tech¬ 
nology  is  in  optical  biopsy,  where  a  fiber-optic  probe  can  replace  the  scalpel 
to  detect  cancer.  For  sites  such  as  the  lung  and  gastrointestinal  tract,  an 
optical  probe  can  be  used  in  tandem  with  established  endoscopic  tech¬ 
niques  to  identify  abnormal  cells  without  excising  them. 

Fluorescence  Lifetime  Analyses.  Oriel  Instruments  is  using  Ciencia's  tech¬ 
nology  as  part  of  LifeSense,  a  device  that  detects  the  lliiorcscencc  lifetime 
signatures  of  organic  compounds.  For  less  than  $20,000,  Oriels  LileSense 
system  can  be  used  for  biological  and  environmental  research. 

In  molecular  biology,  lluorescencc  liletime  sensing  can  unlock  the  secrets 
of  the  human  genome,  as  well  as  observe  molecular  dillusion  in  cells,  anti¬ 
body-mediated  reactions,  and  a  host  ol  intra-  and  extracellular  functions. 
Researchers  bind  special  lluoresccnt  dyes  to  cell  structures  ol  interest, 
e.xciie  the  sample  with  an  appropriate  wavelength,  and  observe  the  move¬ 
ment  and  distribution  of  critical  macromoleculcs.  LileSense  can  also  pick 
up  the  signatures  of  nontreated  cells  and  tissue  via  native  lluorescence. 

VENTURES  OR  PRODUCT  AVAILABILITY 

The  cardiovascular  applications  of  Ciencia's  technolog)'  arc  under  assessment. 

Oriel's  LileSense  performs  real-time  analysis  with  Windows-based  sollwarc 
on  a  48h  or  Pentium  PC  and  provides  measurements  m  1  second.  The 
high-scnsiii\-ity.  high-resolution  instrument  has  interchangeable  LED  or 
laser  light  source  modules  and  is  suitable  for  commonly  used  dyes  such  as 
lluorcscein,  rhodamine,  and  phycocyanin.  In  addition,  its  compact  size 
and  light  weight  make  it  a  convenient  benchtop  system. 

CONTACT 

Ciencia,  Inc. 

Salvador  M.  Fernandez,  Ph.D. 

1 1 1  Roberts  Street,  Suite  K 
East  Hartlord,  CT  06108 
Telephone:  i860)  528-9737 
Facsimile:  uS60)  528-5658 
Email:  lernandez@ciencia.com 
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HIGH-SPEED 

MOLECUUR  MODELING 


MBO(N)D  SUBSTRUCTURED 
DNA  SEGMENT 

ONA  Atomistic  DNA  Bodies 


•  Molecular  modeling  can  gready 
speed  up  decision  making  in  drug 
selection  strategy. 


With  the  help  of  BMDO  contracts  to  simulate  the  mechanical  behavior  of 
large  space-based  structures,  Photon  Research  ^Associates  (PRA;  San  Diego, 
CA)  has  developed  a  computer  algorithm  that  reduces  the  time  needed  to 
model  the  dynamics  of  large  molecular  systems.  In  the  early  to  mid-1980s, 
PRA  developed  mullibody  modeling) technology'  to  simulate  the  dynamics  of 

large  space-based  structures.  The  original 
sponsors  of  this  research  included  the 
Defense  Advanced  Research  Projects  Agency 
and  NASA.  Tests  of  the  algorithm,  called 
MBO(N)D,  have  shown  that  it  can  simulate 
the  dynamics  of  large  molecules  (10,000 
atoms)  up  to  50  times  faster  than  conven¬ 
tional  all-atom  modeling  techniques,  while 
maintaining  accuracy  in  the  essential  dynam¬ 
ics.  Applications  to  larger  molecules  (10,000 
to  100,000  atoms)  and  funher  refinements 
to  the  algorithm  should  make  it  about  100  to 
1,000  times  faster  than  all-atom  approaches. 

HOW  IT  WORKS 

MBO(N)D  accelerates  computational  speed 
while  maintaining  a  great  deal  of  chemical 
and  physical  realism.  This  achievement  is 
possible  through  a  technique  known  as  “sub- 
structuring,"  which  combines  atoms  into 
interacting  groups  of  rigid  and  flexible  bod¬ 
ies.  The  algorithm  also  filters  out  high-frequency  motions  that  do  not  affect 
the  overall  behavior  of  the  molecule.  These  two  innovations  reduce  the  num¬ 
ber  of  system  vanablcs  and  allow  the  simulation  to  be  computed  over  a 
smaller  number  of  time  steps. 

MEDICAL  SIGNIFICANCE 

Drug  discovery  has  changed  over  the  past  15  years  to  include  the  study  of 
significant  structural  components  in  and  around  the  cell.  Molecular  struc¬ 
tures  of  j)roieins  and  receptor-ligand  complexes  play  an  important  role  in 
the  discovery  of  novel  agents.  A  ligand  is  a  biological  compound  that  fits  a 
receptor  within  or  on  the  cell  surface  in  a  “lock  and  key"  arrangement. 
Drugs  that  mimic  the  shape  of  the  natural  ligand  can  be  used  to  up-  or 
down-regulate  a  signal  that  is  transduced  by  the  cell  receptor.  Some  recep¬ 
tor  structures  are  found  by  x-ray  cry'stallography  some  by  nuclear  mag¬ 
netic  resonance,  and  some  by  homologous  comparisons  to  similar  struc¬ 
tures.  All  of  these  techniques  rely  on  molecular  dynamics  to  find  the  cor¬ 
rect  positions  of  all  the  atoms  in  the  drug  and  the  receptor  and  how  they 
move  to  interact  with  each  other.  While  highly  parallel  supercomputers 


in  the  immune  system, 
the  shape  of  an  invading 
pathogen  and  the 
“memory”  of  the  immune 
system  for  this  shape 
help  dictate  whether  a 
person  acquires  an 
infection,  fights  off  the 
infection,  or  develops 
an  autoimmune  disease. 
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(like  those  of  Cray  and  IBM)  have  increased  the  number  of  structures 
resolved  and  modeled  the  molecular  dvTiamlcs  motion  of  drug  and  recep¬ 
tor  in  the  nanosecond  range,  this  brute-force  method  has  not  brought 
these  capabilities  to  the  drug  discovery  desk. 

By  increasing  computational  speed,  MBO(N)D  can  improve  on  the  all¬ 
atom  technique  and  can  make  predictive  modeling,  the  discovery  of  new 
dnags,  and  the  development  of  new  materials  through  computational  tech¬ 
niques  more  practical.  Drug  development  is  a  major  risk  lor  pharmaceuti¬ 
cal  companies,  often  requiring  at  least  a  decade  of  development  and  many 
millions  of  research  dollars.  Molecular  modeling  stands  to  considerably 
improve  the  risky  environment  in  which  this  type  of  research  takes  place. 

VENTURES  OR  PRODUCT  AVAILABILITY 

In  1991,  PRA  formed  a  subsidiary  called  Moldyn,  Inc.  (Cambridge,  MA), 
to  further  develop  and  market  the  MBO(N)D  technology  for  the  molecu¬ 
lar  dynamics  applications  mentioned  above. 

In  1994  Moldyn  received  an  Advanced  Technology  Program  award  from 
ihc  National  Institute  of  Standards  and  Technology  to  help  bring  the  tech¬ 
nology  to  the  pharmaceutical  industiyt  In  this  project,  Moldyn  and  its  part¬ 
ners  have  been  refining  the  MBO(N)D  algorithm  for  commercial  use. 
Moldyns  partners  in  this  project  include  leading  pharmaceutical  companies 
(Bristol-Myers  Squibb,  Vertex  Pharmaceuticals),  a  commercial  computa¬ 
tional  chemistry  software  firm  (Molecular  Simulations,  Inc.),  and  leading 
academics  in  computational  ehemistr}^. 

Mold)Ti  has  received  one  patent  covering  a  molecular  dynamics  simulation 
method  and  apparatus  based  on  the  MBO(N)D  algorithm  and  has  copy¬ 
righted  the  MBO(N)D  code. 

rhe  MBO(N)D  software  will  be  marketed  and  distributed  by  Molecular 
Simulations,  Inc.,  which  has  partnered  with  Moldyn  to  incorporate 
MBO(N)D  within  one  of  Molecular  Simulations'  most  popular  graphic  user 
interfaces,  Insight.  The  code  can  also  run  in  stand-alone  mode.  Academic 
release  of  MBO(N)D  is  expected  in  1998.  Moldyn  also  plans  to  market  ser¬ 
vices  using  MBO(N)D  directly  to  i')harmaceuiical  companies. 

CONTACT 

Moldyn,  Inc. 

Frank  P  Billingsley,  Ph.D. 

c/o  PRA  Washington  Division 

1911  North  Fort  Myer  Drive.  Suite  408 

Arlington,  VA  22209 

Telephone:  (703)  243-6613 

Facsimile:  (703)  243-6619 
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LiSAF  LASER  FOR 
CYTOMETERS 


•  Compact  laser  technoloi^v  can  help 
improve  flow  cytometry. 


A  new  diode-pumped  solid-slate  lithium  strontium  aluminum  fluoride 

CLiSAF)  laser  is  being  developed  by  Science  and  Engineenng  Services, 

Inc.  tSESl;  Burionsville,  MD).  It  will  provide  simultaneous  output  wave¬ 
'll 

lengths  ol  4^0  and  980  nanometers.  The  Q -switched  laser  is  based  on  a 
LiSAF  crystal,  doped  with  chromiijtm.  The  short  laser  pulse  durations 
-  and  solid-state  nature  of  the  laser  con¬ 
tribute  to  the  systems  low  power  con¬ 
sumption,  compactness,  and  reliability 
under  severe  vibrational  stress  and  wide 
temperature  variation.  BMDO  has  provid¬ 
ed  Phase  ll  funding  for  this  effort,  with 
matching  funds  provided  by  the  Army  and 
Recon  Exploration  (Dallas,  TX).  BMDO 
has  also  funded  the  development  of  fre- 
c|ucncy-agile  lasers  for  spacebome  spec¬ 
troscopic  platforms,  LIDAR,  tracking, 
detection  of  atmospheric  constituents,  and 
detection  of  wind  shear.  SESI  has  per¬ 
formed  research  with  NASA,  the  Army,  the 
Navy,  and  the  National  Science  Foundation 
in  the  areas  of  atmospheric  sensing,  LIDAR, 
general  laser  development,  and  novel  med¬ 
ical  instaimcntation. 


Cell  sorters  or  cytometers 


have  become  very  sophis¬ 


ticated  in  a  short  time  in 


part  because  of  the 


enormous  demand  that 


creative  biologists  have 


brought  to  bear  on  the 


industry.  Advances  in 


lasers,  coupled  with 


newly  available  dyes  and 


HOW  IT  WORKS 

The  laser  is  tunable  within  a  fundamental 
range  of  780  to  1 ,000  nanometers  and  has 
a  high  repetition  rate  1 1  to  2  kilohertz)  and 
microjoLilc  pulse  capability  (50  to  80  micro- 
joules).  SESI  plans  to  couple  the  LiSAF  laser 
system  to  a  flow  cytometer  to  make  it  more 
reliable  than  cytometers  operated  with  non- 
.solid-siate,  continuous-wave  Ltser  outputs. 
A  How  cytometer  is  a  device  that  uses  a  laser 
to  detect  the  lluoresccncc  intensity  of  cells 
that  How  past  a  detector  in  a  thin  stream.  If 
lluoresccncc  is  detected,  the  cell  is  given  an 
electrical  charge  and  deilectcd  into  a  collection  bin.  The  simultaneous  out¬ 
put  of  two  different  wavelengths  can  expand  a  cytometers  ability  to  sort 
multiple  cell  types  during  one  sorting  am.  By  frequency  doubling,  the  sec¬ 
ond  harmonic  of  the  laser  can  provide,  blue-green  activity,  tunable  from 
390  to  500  nanometers,  that  would  be  valuable  in  the  communications 


ever-increasing  antigen- 


antibody  combinations, 


have  played  a  large  part  in 


widening  the  range  of  cell 


types  that  can  be  identified 


with  cytometers. 
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['icld.  A  third  harmonic  bandwidth  of  260  to  330  nanometers  is  possible 
with  further  development  and  would  be  applicable  in  ultraviolet  How 
cyiometr\:  The  ultraviolet  wavelengths  might  prove  especially  useful  in 
lighting  up  DNA  and  determining  stages  in  the  cell  cycle,  lor  example. 

MEDICAL  SIGNIFICANCE 

There  is  a  \’cry  large  market  in  biotechnology  and  medicine  lor  flow 
cytometers.  Among  their  uses  are  cell  sorting  by  chromosome  content, 
infective  status,  antigen  presence  (as  in  determination  ot  tissue  transplant 
compatibility),  and  cell-receptor- ligand  combinations.  They  arc  used  in 
both  research  and  clinical  institutions  to  analyze  a  large  variety  of  cell  types 
and  can  identify  cell  characteristics  through  native  fluorescence  or  dye- 
based  illumination  strategies. 

VENTURES  OR  PRODUCT  AVAILABILITY 

SESI  is  working  to  commercialize  its  LiSAF  laser  and  is  currently  retrofitting 
a  cell  sorter  manufactured  by  a  well-known  flow  cytometer  supplier. 

CONTACT 

Science  and  Engineering  Services,  Inc. 

Cioorg  Prasad,  Ph.D. 

4014  lilackburn  Line 
Burtonsvillc,  MD  20866-1  166 
Telephone:  (301)  989- 1 896 
Facsimile:  (301)421-4137 
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SECTION  C 
DIAGNOSIS 


Ancient  Chinese  medicine  held  that  the  gallop  of  the  pulse 
reflected  the  state  of  the  body,  and  practitioners  used  the 
intricate  patterns  of  the  heartbeat  to  confirm  many  diag¬ 
noses.  In  the  age  of  technology,  patterns  also  hold  clues  to 
the  status  of  the  organism.  Two  techniques  used  in  adaptive 
optics  technology,  originally  developed  to  discern  wave¬ 
length  patterns  in  the  scattering  atmosphere,  can  remotely 
diagnose  eye  disorders.  Vibrational  spectroscopy  can  both 
visualize  and  quantify  biochemical  species  in  unstained  cell 
samples.  Applications  in  both  spectroscopy  and  luminescent 
materials  have  led  to  devices  that  cein  detect  airborne  conta¬ 
minants,  cancerous  cells,  bioluminescent  signatures  of  bac¬ 
teria,  and  specific  gene  sequences.  Even  ultraprecise  gimbal 
technology  derived  from  laser  communications  research  has 
found  a  place  In  a  needle  biopsy  system. 

1 .  A  wavefront  sensor  that  can  process  data  on  astigma¬ 
tism,  interpupil  distance,  and  ocular  accommodation  and 
can  do  so  over  telemedical  routes. 

2.  A  deformable  mirror  that  improves  retinal  imaging  for  the 
study  of  photoreceptors  in  the  eye. 

3.  An  infrared  array  that  is  the  heart  of  a  microscope  that  can 
visualize  and  quantify  silicone  leakage  in  breast  tissue. 

4.  A  multispectral  sensor  that  analyzes  biological  material  in 
three  dimensions. 

5.  A  combination  spectrometer-endoscope  that  helps  doc¬ 
tors  diagnose  oropharyngeal  cancer. 

6.  A  nonradioactive,  nonfiuorescent  gene  probe  that  distin¬ 
guishes  double-stranded  DNA  from  single-stranded  DNA. 

7.  Nanocrystals  that  emit  visible  light  when  excited  by 
infrared  wavelengths  and  have  potential  as  molecular  tags. 

8.  A  spectroscopic  method  that  reveals  true-color  images  of 
cancerous  versus  normal  tissue. 

9.  A  robust,  extremely  accurate  driver  for  guided  needle 
biopsy  of  the  breast. 


BMDO  HISTORY 


AMT:  BINOCULAR 
3-D  EYE  TRACKER 


•  A  novel  wavefront  sensor  ean  help 
doctors  remotely  diagnose  eye  disorders. 


Applied  Modern  Technologies  Corporation  (AMT;  Huntington  Beach,  CA) 
has  developed  an  eye-tracking  device  based  on  wavefront  sensor  technol¬ 
ogy  borrowed  from  adaptive  optics.  In  the  i980s,  BMDO  focused  much 
attention  on  how  light,  particularly  fiigh-energy  laser  light,  was  propagat¬ 
ed  through  the  atmosphere.  This  iniJerest  generated  a  host  of  techniques  to 

-  correct  the  scatter  of  light  in  turbulent  air, 

improving  both  transmission  and  detection 
of  light.  The  astronomy  field  has  benefited 
greatly  from  advances  in  adaptive  optics — 
for  example,  using  it  to  remove  the  “twin¬ 
kle”  from  galactic  objects — but  other  areas 
of  science  are  also  reaping  the  rewards  of 
this  technology  AMTs  Ocular  Vergence  and 
Accommodation  Sensor  (OVAS)  is  a  new 
product  for  the  vision  sciences  and  medical 
research  that  can  trace  its  lineage  to  BMDO 
adaptive  optics  technology. 


While  our  view  of  the 


world  may  seem  smooth 


and  uninterrupted  to  us, 


the  continual,  jerky 


movements  of  the  eye  are 


essential  to  maintaining 


this  clear  image. 


HOW  IT  WORKS 

OVAS  uses  two  low-power  (1.25  milliwatts 
per  scjuarc  centimeter;  eye-safe)  infrared 
laser  beams  that  are  rellecicd  from  each 
eyes  retina.  The  rellcction  provides  infor¬ 
mation  about  the  movement  of  the  eyes  and 
other  biometric  data  that  can  be  processed 
and  used  for  a  variety  of  applications.  AMTs 
design  includes  a  12-component  optics  sys¬ 
tem  and  a  Pentium  processor  with  algo¬ 
rithms  lor  processing  data  on  the  accommodative  state,  movements,  and 
N'ergence  of  the  eyes,  as  w'ell  as  10  other  ocular  functions. 


Paradoxically,  if  these  eye 


movements  are  artificially 


stilled,  the  world  becomes 


a  defocused  blur. 


MEDICAL  SIGNIFICANCE 

Telemedicine.  OVAS  could  provide  diagnostic  data  from  a  patient  to  a  doc¬ 
tor  many  miles  away  The  application  to  soldiers  in  the  field  includes  early 
detection  of  exposure  to  chemical  warfare  agents.  The  AMT  system  is 
rugged  enough  lor  battlefield  conditions  and  can  be  miniaturized  for  inte¬ 
gration  into  a  portable,  head-mounted  system.  OVAS  is  proposed  as  part 
of  a  testbed  project  for  remote  ophthalmic  instruments  for  the  Tripler 
Army  Medical  Center.  The  centers  responsibilities  include  health  care  for 
the  U.S.  South  Pacific  Protectorate.  Doctors  are  scarce  on  these  small 
islands,  and  often  the  citizenry  and  military  personnel  must  make  do  with 
limited  immediate  medical  care.  With  OVAS,  an  ophthalmologist  at  a 
remote  location  may  be  able  to  evaluate  a  Tripler  patients  eyes  for  correc¬ 
tive  eyewear  and  for  such  conditions  as  cataracts  and  diabetic  retinopathy. 
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The  South  Pacific  population  experiences  a  ver\^  high  rate  of  diabetes-relat¬ 
ed  blindness. 

Ophthalmology  and  Optometry.  OVAS  is  an  automated  system  that  can 
determine  prescription  lens  strength,  astigmatism,  interpupil  distance,  and 
accommodation.  Because  OVAS  is  binocular,  both  eyes  are  measured 
simultaneously  AMT  feels  this  is  superior  to  the  current  practice,  which 
measures  each  eye  separately.  Potentially,  lens  prescriptions  could  be  bal¬ 
anced  to  reduce  the  dominant-eye  effect  now  common  for  corrected 
\ision.  Future  units  can  be  used  to  precisely  measure  the  minute  aberra¬ 
tions  of  the  cornea,  helping  to  fit  contact  lenses  or  to  determine  the  depth 
of  abrasions.  In  surgery,  OVAS  could  identify  astigmatism  introduced  by 
the  surger}^  and  allow  immediate  correction.  The  benefits  extend  to  school 
children  for  a  quick,  accurate  eye-screening  device  and  to  faster,  more  in- 
depth  eye  exams  requiring  no  feedback  from  the  patient. 

Other  Medical  Applications 

For  those  who  are  paralyzed  or  senously  restricted  in  their  ability  to  move, 
eye  movement  sensors  have  been  in  use  for  some  time.  With  an  “ocular 
mouse,"  the  user  can  look  at  an  icon  or  array  of  letters  on  a  monitor  to  ini¬ 
tiate  a  program  function  or  spell  out  words.  These  assistive  computer  inter¬ 
faces  add  immensely  to  the  quality  of  life  of  such  individuals,  and  sensors 
that  can  accurately  track  eye  movement  arc  crucial  to  the  technology. 

Medical  students,  residents,  and  interns  arc  taking  increasing  advantage  of 
\irtual  reality  (VR)  for  educational  purposes.  Surgical  trainees  can  now 
practice  such  procedures  as  laparoscopies  on  a  VR  simulator  before  mov¬ 
ing  on  to  real  patients.  VR  also  needs  eye  movement  and  focusing  infor¬ 
mation  for  its  next-generation  products. 

VENTURES  OR  PRODUCT  AVAILABILITY 

AMT  has  applied  for  89  patents  related  to  OVAS  and  is  marketing  a 
research  version  of  OVAS  aimed  at  the  medical  market.  This  includes  stud¬ 
ies  where  0\AS’  data  points  arc  used  for  statistical  analysis  and  include 
vision  research,  neuro-ophthalmology,  display  research,  VR  research,  and 
scene  generation.  OVAS  is  suitable  for  office,  laboratory,  or  mobile  use. 

CONTACT 

Applied  Modern  Technologies  Corporation 
Ltrr>'  Horwiiz,  Ph.D. 

12062  Valley  View  Street,  Suite  101 
Garden  Grove,  CA  92845-1738 
Telephone:  (714)  379-2870 
Facsimile:  (714)  379-2873 
Email:  larry@amtvis.com 

WWW:  http://rworld.compuserv'e.com/homepage/ovas 
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DEFORMABLE  MIRRORS  TO 
UNCOVER  EYE  DISOROERS 


•  Deformable  mirrors  help  researchers 
take  a  closer  look  at  diseased  retinas. 


Xinetics,  Inc.  (Littleton,  MA),  is  using  adaptive  optics  technology  developed 
for  BMDO  to  bring  optical  correction  and  precision  to  a  medical  imaging 
application.  BMDO  funded  the  original  research  primarily  for  the  ground- 
based  free  electron  laser,  whose  beams  were  subject  to  atmospheric  distor¬ 
tion.  With  research  and  developmefit  funded  by  BMDO,  the  U.S.  Navy’s 

Office  of  Naval  Research,  and  the  U.S.  Air 
Forces  Phillips  Laboratory,  Xinetics’  core 
team  developed  lead  magnesium  niobate 
(PMN)  actuators  and  deformable  mirror 
technology  at  Itek  Corporation  and  United 
Technologies  Optical  Systems, 

HOW  IT  WORKS 

Adaptive  optics  is  an  aggregate  technology 
that  analyzes  the  characteristics  of  light 
waves  and  minimizes  their  distortion.  The 
two  principal  corrections  are  for  the  “tilt”  of 
the  light  entering  the  optical  system  and  for 
the  light  scatter  caused  by  collisions  with 
molecules  in  the  atmosphere  or  in  the  vitre¬ 
ous  Iluid  of  the  eye,  for  example.  An  adap¬ 
tive  optics  system  uses  a  wavefront  sensor 
to  measure  the  optical  distortion  and  sup¬ 
ply  a  control  computer  with  an  error  map. 
The  computer  then  sends  commands  to  a 
deformable  mirror  that  changes  shape  to 
correct  the  distortion.  Deformable  mirrors 
use  small  piston-like  devices  called  actua¬ 
tors  to  bend  a  thin  sheet  of  polished 
Liliralow-expansion  fused-silica  glass. 

The  key  elements  in  the  Xinetics  deformable 
mirror  technology  arc  piezoelectric  or  electrostatic  actuators  based  on  PMN 
crystals.  These  actuators  expand  and  contract  when  an  electric  field  is 
applied,  pushing  and  pulling  the  mirror  sections  into  different  shapes.  PMN 
actuators  arc  well  suited  to  deformable  mirrors  because  of  their  high  stiff¬ 
ness,  negligible  hysteresis,  and  excellent  stability  To  produce  PMN  actuators 
in  high  volumes,  Xinetics  uses  a  layered  ceramic  process  developed  in  the 
microelectronics  and  multilayer  capacitor  industries.  The  process  eliminates 
conventional  glue  bonding  to  provide  high  stiffness.  It  also  reduces  operat¬ 
ing  voltage  from  3,000  to  100  volts. 


Approximately  80  percent 
of  premature  infants 
weighing  less  than 
1  kilogram  at  birth  will 
develop  retinopathy  of 
prematurity  (ROP). 

Children  with  ROP  are 

diagnosed  with  retinal 
scarring,  nearsightedness, 

and  crossed  or  “wander¬ 
ing”  eyes  at  a  much  higher 
incidence  than  normal- 

weight  infants. 
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The  South  Pacific  population  experiences  a  very  high  rate  ol  diabetes- relat¬ 
ed  blindness. 

Ophthalniolof^  and  Optometry.  OVAS  is  an  automated  system  that  can 
determine  prcscnpiion  lens  strength,  astigmatism,  interpupil  distance,  and 
accommodation.  Because  OVAS  is  binocular,  both  eyes  arc  measured 
simultaneously.  AMT  feels  this  is  superior  to  the  current  practice,  which 
measures  each  eye  separately  Potentially,  lens  prescriptions  could  be  bal¬ 
anced  to  reduce  the  dominant-eye  effect  now  common  lor  corrected 
vision.  Future  units  can  be  used  to  precisely  measure  the  minute  aberra¬ 
tions  of  the  cornea,  helping  to  (it  contact  lenses  or  to  determine  the  depth 
of  abrasions.  In  surger>;  OVAS  could  identify  astigmatism  introduced  by 
the  surger)'  and  allow  immediate  correction.  The  benefits  extend  to  school 
children  for  a  quick,  accurate  eye-screening  device  and  to  faster,  more  in- 
depth  eye  exams  requiring  no  feedback  from  the  patient. 

Other  Medical  Applications 

For  those  who  arc  paralyzed  or  seriously  restricted  in  their  ability  to  move, 
eye  movement  .sensors  have  been  in  use  for  some  time.  With  an  "ocular 
mouse,’*  the  user  can  look  at  an  icon  or  array  of  letters  on  a  monitor  to  ini¬ 
tiate  a  [program  function  or  spell  out  words,  fhese  assistive  computer  inter¬ 
faces  add  immensely  to  the  quality  ol  life  of  such  individuals,  and  sensors 
that  can  accurately  track  eye  movement  arc  crucial  to  the  technology 

Medical  students,  residents,  and  interns  are  taking  increasing  advantage  of 
virtual  reality  {VR)  for  educational  purposes.  Surgical  trainees  can  now 
practice  such  procedures  as  laparoscopies  on  a  VR  simulator  before  mov¬ 
ing  on  to  real  patients.  VR  also  needs  eye  movement  and  focusing  infor¬ 
mation  lor  its  next-generation  products. 

VENTURES  OR  PRODUCT  AVAILABILITY 

AMT  has  applied  for  8^)  patents  related  to  OVAS  and  is  marketing  a 
research  version  of  OVAS  aimed  at  the  medical  market.  'Phis  includes  stud¬ 
ies  where  C)VAS'  data  points  are  used  for  statistical  analysis  and  include 
\’ision  research,  neuro-ophthalmology  display  research,  VR  research,  and 
scene  generation.  OVAS  is  suitable  for  olficc,  laboratory,  or  mobile  use. 

CONTACT 

/Vpplied  Modern  Technologies  Coiporation 
Lirr>'  Horwitz,  Ph  D. 

12062  Vulley  View  Street,  Suite  10 L 
Ga rde n  G  ro\'e ,  02845-1738 

Telephone:  (714^  379-2870 
Facsimile:  (714')  379-2873 
Email:  larr\’@amtvis.com 

WWW:  http  ://rworld .  com  p  use  rve  .com/h  o  me  page/ovas 
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MEDICAL  SIGNIFICANCE 

A  Xinciics  deformable  mirror  is  now  part  of  a  retinal  camera  being  devel¬ 
oped  by  David  R.  Williams,  Ph.D.,  the  director  of  the  University  o( 
Rochester’s  Center  for  Visual  Science.  The  camera  already  provides  a 
twofold  improvement  in  resolution  over  present  ophthalmic  imaging 
devices  such  as  the  fundoscope.  The  resolution  of  the  retinal  camera  is  cur¬ 
rently  2  to  10  micrometers  and  is  expected  to  ev'entually  reach  0.3  microm¬ 
eters.  The  camera  can  provide  detailed  images  of  photoreceptors  in  the  reti¬ 
na  and  can  detect  early  changes  in  disorders  like  diabetic  retinopathy  and 
retinitis  pigmentosa.  It  can  also  be  used  to  more  precisely  measure  refrac- 
tiv'e  error  (the  degree  of  nearsightedness  or  farsightedness)  in  the  eye. 
Microaneurv^sms,  or  small  balloon-like  lesions  of  capillaries,  can  also  be 
diagnosed.  Microaneurysms  can  reflect  the  presence  of  more  serious  blood 
v’essel  disorders  in  the  brain.  Developmental  progress  of  neonatal  eyes  can 
also  be  tracked  with  this  device.  Retinopathy  due  to  oxygenation  ol  imma¬ 
ture  retinal  cells  is  an  increasing  problem  in  premature  infants,  particular¬ 
ly  as  gestational  age  at  birth  decreases. 

VENTURES  OR  PRODUCT  AVAILABILITY 

.Xinctics,  a  15-pcrson  company  founded  in  1993,  makes  custom  and  stan¬ 
dard  adaptive  optics  technologies  for  military  and  commercial  customers. 
The  company  is  engaged  in  a  number  of  agreements  to  manufacture 
deformable  mirrors  and  actuators  k^r  medical  applications,  astronomical 
telescopes,  optical  scanners,  and  micropositioners. 

CONTACT 

Xlnetics,  Inc. 

Mark  Ealey 
37  MacArthur  Avenue 
Devens,  MA  01432-4443 
Telephone:  (978)  772-0352 
Facsimile:  (978)  772-2814 
Email:  xinetics^Pxinetics.com 
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NIH  INFRARED  MICROSCOPE 


•  This  novel  microscope  clramaLiccilly 
and  specifically  highlights  cell 
constituents. 


E.  Neil  Lewis,  Ph.D.,  and  a  group  of  researchers  at  the  National  Institutes 
of  Health  (NIH)  have  det’cloped  an  infrared  microscope  that  uses  a  focal 
plane  array  (FPA)  to  obtain  both  spectral  images  and  signatures  of  biolog- 

•4 

ical  and  oihcr  maicrials.  The  group  u^ed  an  indium  aniimonide  (InSb)  FPA 
lor  ihcir  initial  work,  in  which  they  Imaged  silicone  inclusions  in  paraffin- 

embedded  breast  tissue  sections.  Through 
an  alliance  with  Ted  Heilweil,  Ph.D.,  a 
researcher  at  the  National  Institute  of 
Standards  and  Technology  (NIST),  the  NIH 
team  was  able  to  access  a  mercury  cadmium 
telluride  (HgCdTe)  FPA  from  BMDOs 
Exoatmospheric  Kill  Vehicle  program  run 
by  the  U.S.  Army  Space  and  Strategic 
Defense  Command  at  Huntsville,  AL.  The 
array  is  manufactured  by  Hughes  and  in 
this  case  did  not  meet  military  specifica¬ 
tions.  The  researchers  say  that  the  few  dead 
pixels  on  the  array  do  not  in  any  way  affect 
the  quality  of  their  data.  The  HgCdTe  array 
will  enable  the  group  to  expand  the  micro¬ 
scope's  wavelength  range. 

HOW  IT  WORKS 

The  NIH  group  collaborated  with  col¬ 
leagues  at  NIST  to  extend  the  microscopes 
spectral  range  to  1 1  micrometers  by  using  a 
BMDO-funded  256  x  256  HgCdTe  FPA. 
The  InSb  FPA  limits  the  microscope  to  the 
2-  to  5-micromeier  range,  rhcrclore,  with  the  use  of  the  HgCdTe  FPA,  it  is 
possible  to  expand  the  number  of  spectral  signatures  that  the  microscope 
can  detect,  thereby  greatly  extending  its  chemical  imaging  capabilities. 
Both  the  InSb  and  the  HgCdTe  FPAs  are  nitrogen  cooled. 

Lewis  developed  the  software  that  enables  the  acquisition  and  processing 
of  the  enormous  amount  of  data  that  this  microscope  acquires.  The  micro¬ 
scope  uses  an  interferometer  to  record  spectra,  and  therefore  the  software 
uses  Fourier  transform  techniques  to  convert  the  data  to  chemical  images 
and  spectra.  Typically,  each  image  data  set  contains  16  to  20  megabytes  of 
data,  although  standard  PCs  are  used  to  manipulate  and  store  the  data. 


The  furor  over  silicone 

breast  implants  is  far  from 
resolved.  Epidemiologists 
are  pitted  against 
cytopathologists,  many 

of  whom  read  different 

patterns  in  the  available 
evidence.  It  is  clear,  how¬ 
ever,  that  silicone  leakage 
into  living  tissues  is  a 
highly  undesirable  event. 
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MEDICAL  SIGNIFICANCE 

Most  components  of  li\ing  matter  have  a  unique  infrared  signature  that 
can  be  detected  spectrographically.  Molecular  biology  contributes  new  data 
almost  every  day  about  the  molecular  makeup  of  human  beings  and  the 
significance  of  these  molecules  in  health  and  disease.  From  cancer 
research,  for  instance,  we  know  that  abnormal  proteins  result  from  muta¬ 
tions  in  critical  genes  that  govern  cell  growth.  Proteins  such  as  prostate- 
specific  antigen;  the  breast-cancer-associated  genes  BRCAl,  BRCA2,  and 
HER2;  and  many  others  may  one  day  be  detectable  in  minute  quantities 
by  their  infrared  signatures.  The  ability  to  image  molecular  information 
from  histological  sections  makes  this  instrument  an  especially  qualilied 
candidate  for  use  in  the  pathology  laboratory  In  general  research,  the 
microscopes  uses  can  be  as  varied  as  the  researchers  interests. 

Lewis  and  his  group  clearly  demonstrated  the  presence  of  silicone  inclu¬ 
sions  in  breast  tissue  samples  and  published  their  results  in  Nature 
Medicine  (Februarv'  1997).  \’irtually  all  silicone  gel  breast  implants  have 
shown  a  tendency  to  rupture  and  bleed  their  contents  into  surrounding  tis¬ 
sues.  These  leaks  have  also  been  known  to  migrate  into  distant  organs.  As 
a  diagnostic  tool  in  this  controversial  area,  the  microscope  will  enable  clin¬ 
icians  to  identify  leakage  from  silicone  breast  implants  visually  and  by 
chemical  signature. 

Many  other  industries  are  also  interested  in  this  technology.  Polymers, 
pharmaceuticals,  cosmetics,  and  semiconductors  are  just  some  of  the  items 
that  can  be  analyzed  with  this  microscope. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Lewis  has  generated  interest  from  a  number  of  Fortune  500  companies, 
including  Procter  tSr  Gamble,  Miles  Laboraiones,  ICl,  and  Estce  Liudcr. 
Procter  Csr  Gamble  has  installed  such  an  imaging  system  in  collaboration 
with  NIH,  wliich  owns  the  patent  on  the  technology 

CONTACT 

National  Institutes  of  Flealth 
E.  Neil  Lewis,  Ph.D. 

Building  5,  Room  Bl-38 
Bethesda,  MD  20892-0510 
Telephone:  (301)496-6847 
Facsimile:  (301)  496-0825 
Email:  ncil@spy.niddk.nih.gov 

WWW:  h  up  :/Av'ww.  nih.gov 
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ADVANCED  IMAGING 
SPECTROMETER 


•  The  /MSS  device  can  help 

detect  bioliiminescence  in  dangerous 
bacteria. 


Pacific  Advanced  Technolog};  Inc.  (PAT;  Solvang,  G\),  has  developed  an 
imaging  spectroradiometer  that  can  be  used  lo  detect  and  identify  chemicals 
and  biological  matter  for  miliiar};  emaronmcntal,  law  enforcement,  and 
medical  applications.  Called  the  image  multispectral  sensor  (IMSS),  this 
technology  is  based  on  advances  in  clifTractive  optics  and  image  and  signal 
-  processing.  It  images  a  scene  in  three  dimen¬ 
sions,  two  spatial  and  one  spectral,  to  build  a 

Bioluminescence,  a  trait  ,  .  ,  ,  .  u  r  j 

multispectral  spatial  imaging  cube  ol  data. 


found  in  the  familiar  firefly, 
is  a  natural  phenomenon 
that  has  enabled  biologists 
to  develop  clever  ways  to 
track  gene  expression  in 
animals.  For  instance,  a 
glowing  protein  found  in 
jellyfish  has  been  success¬ 
fully  incorporated  as  a 
reporter  gene  in  transgenic 
laboratory  mice. 


BMDO  funded  PAT’s  multispectral  sensing 
technology  in  1995  through  the  SBIR  pro¬ 
gram  in  a  joint  project  with  Amber,  a 
Raytheon  company  (Goleta,  CA).  Amber 
and  BMDO  provided  $130,000  each  for  the 
project.  With  IMSS  technology,  BMDO 
could  detect  theater  missiles  in  clutter, 
identify  friend  or  foe,  and  detect  and  iden¬ 
tify  chemical  agents.  PAT  previously 
obtained  a  BMDO  SBIR  Phase  I  contract 
outside  this  teaming  arrangement. 

HOW  IT  WORKS 

While  other  spectral  imaging  devices  have 
very  complex  optics  and  require  exact  align¬ 
ment,  PATs  instrument  uses  a  simple  optical 
design  that  allows  for  relaxed  tolerances  on 
optical  alignment.  Rugged  and  portable,  it 
can  operate  in  harsh  environments  such  as 
airborne  and  space-based  platforms. 


PAT  has  commercialized  this  instrument 
with  joint  funding  from  the  BMDO  SBIR  program  and  Amber.  Amber  sells 
the  commercial  IMSS  as  an  attachment  to  its  1^\D1ANCE  I  and  Galileo 
cameras  to  make  a  midwave  infrared  multispectral  radiometric  imager,  use¬ 
ful  for  spectroscopy  and  radiometry  PAT  supplies  /Vmber  with  the  multi¬ 
spectral  lens  sy.stem  as  well  as  the  image-  and  signal-processing  software 
called  HYPAT.  This  system  uses  an  1/2.5  nominal  102-millimeter  focal 
length  lens  and  covers  the  full  3-  lo  5-micromctcr  spectral  band  with  a  spec¬ 
tral  resolution  of  less  than  0.01  micrometers.  Using  the  Galileo  camera  in 
the  highest  data  acquisition  mode,  spectral  images  over  the  3-  to  5-microm- 
eter  band  with  400  spectral  bins  can  be  collected  in  less  than  1  second. 
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MEDICAL  SIGNIFICANCE 

PAT’S  multispectral  imaging  device  is  an  ideal  instrument  tor  collecting 

optical  signatures  from  biological  matter,  whether  the  task  is  to  identify 

bactena  or  a  cancerous  lesion.  Bioluminescence  systems  are  already  in  use 

for  rapidly  detecting  the  presence  of  £.  co/i,  for  example,  in  foodstuffs.  For  " 

identifying  cancers  without  surgical  sampling  of  the  suspicious  area,  opti-  ( 

cal  biopsy  is  very  close  to  clinical  adaptation  in  a  number  ot  institutions. 

The  IMSS  can  also  be  used  for  reading  the  optical  signatures  of  tumors  and 
for  localizing  them  in  a  3-D  image.  The  de\ice  has  an  adaptive  spectral  lil- 
ter  that  can  separate  excitation  light  from  emission  light;  this  is  critical  for 
the  fiber-optic  system  that  both  delivers  and  collects  light  in  the  optical 
biopsy  system. 

If  the  capability  of  the  IMSS  is  extended  to  longer  wavelengths,  the  tech¬ 
nology  can  be  used  to  detect  and  identify  chemical  agents,  such  as  sarin 
and  other  nerve  gases.  Through  an  Air  Force  SBIR  Phase  ll  contract,  PAT 
is  designing  a  system  that  will  detect  signatures  at  longer  wavelengths  for 
chemical  warfare  applications. 

VENTURES  OR  PRODUCT  AVAILABILITY 

PAT  is  a  woman-owned  small  business  focused  on  electro-optic  research 
and  development.  The  company  has  one  patent  on  the  IMSS  technology. 

PAT  supplies  Us  lens  product  to  Amber,  which  has  sold  two  RADIANCE  I 
systems  with  the  lens  for  military  use.  Another  order  is  pending.  Systems 
including  the  Amber  camera  cost  roughly  $70,000. 

With  the  IMSS  technology,  Amber  and  PAT  are  focusing  on  applications  to 
remotely  monitor  smokestack  emissions  and,  in  1995,  demonstrated 
promising  results  in  the  field.  From  1  kilometer  away,  PATs  system  detect¬ 
ed  carbon  monoxide,  carbon  dioxide,  and  hydrocarbons  from  two  smoke¬ 
stacks  at  an  oil  refinery.  PAT  is  interested  in  demonstrating  its  technology 
to  detect  sulfur  dioxide  for  environmental  applications. 

CONTACT 

Pacific  Advanced  Technology  Inc. 

Michele  Hinnrichs 

PC.  Box  359 

1000  Edison  Street 

Santa  Ynez,  CA  93460-0359 

Telephone:  (805)  688-2088 

Facsimile;  (805)  686-2723 

Email:  micheleh@syv,com 
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MTC’s  ENDOSCOPE 


•  MTCs  endoscope  will  be  used  in 
cancer  drug  Uials  in  1998, 


Another  beneficiary  of  the  BMDO-funded  Medical  Free  Electron  Laser 
(MFEL)  program  was  Robert  Alfano,  Ph.D.,  at  the  City  College  of  New 
York  (New  York,  NY).  Alfano  is  a  physicist  who  has  studied  the  optical 
properties  of  living  tissue  for  a  number  of  years.  His  recent  work  in  visible 
light  transmission  through  breast  tissue  has  attracted  considerable  atten- 

-  lion.  Early  in  the  MFEL  program,  however, 

Alfano  experimented  with  the  native  fluo¬ 
rescence  of  tumor  cells  as  compared  with 
their  normal  counterparts.  Fluorescence 
spectroscopy  is  an  up-and-coming  technol¬ 
ogy  that  is  widely  expected  to  become  an 
integral  pan  of  cancer  diagnosis  within  the 
lifestyle  changes  such  as  next  few  years.  Along  with  Mediscience 

Technology  Corporation  (MTC;  Cherry 
Hill,  NJ),  Alfano  devised  an  endoscopic  tool 
that  could  be  inserted  into  the  mouth  and 
esophagus  to  look  for  signs  of  cancer  as 
determined  by  the  fluorescence  signature  of 
the  mucosal  lining.  This  tool,  the  CD-Scan 
and  CD-Ratiometer,  will  be  evaluated  in  a 
major  clinical  trial  at  the  Memorial  Sloan- 
development  of  potentially  Kettering  Cancer  Center  in  New  York  City. 


Cancers  of  the  mouth  and 


esophagus  are  largely 


preventable  through 


smoking  cessation  and 


limited  alcohol  use.  It  is 


imperative  to  catch  the 


disease  early  to  prevent 


disfiguring  and  life-threat- 


HOW  IT  WORKS 


MTC’s  dc\ices  use  a  fiber-optic  probe  to 
ening  lesions.  illuminate  tissue  with  a  laser  or  other  light 

source  and  a  spectrometer  to  analyze  the 
fluorescence  that  results  from  the  illumina¬ 
tion.  Increasing  numbers  of  investigators  in  oncology  arc  finding  that  there 
arc  discernible  and  very  useful  differences  between  malignant  and  normal 
tissue  fluorescence  signatures.  Trials  such  as  those  described  below  are 
necessary  to  correlate  these  signatures  with  conventional  microscopic 
means  of  cancer  diagnosis  to  create  a  useful  clinical  database.  Consistent 
results  that  match  fluorescence  signals  with  cancer  evidence  mean  that 
some  future  biopsies  will  be  performed  with  light  rather  than  scalpels. 
This  database  is  growing  significantly. 


MEDICAL  SIGNIFICANCE 

In  a  previous  report,  we  noted  that  MTC  was  planning  an  investigational 
device  exemption  (IDE)  application  for  its  device,  which  it  obtained  in 
early  1997.  Stimson  R  Schantz,  M.D.,  an  otolaryngologist  at  Sioan- 
Kettering  who  specializes  in  cancers  of  the  head  and  neck,  is  using  the  CD- 
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Scan  and  CD-Raiiometer  as  part  of  his  patients  clinical  evaluations  in  a 
Phase  11  drug  trial.  A  new  and  promising  vitamin  A  derivative,  13-cis- 
retinoic  acid,  is  being  tested  as  a  treatment  for  oral  leukoplakia,  a  whitish 
lesion  of  the  mouth  that  can  progress  to  cancer.  The  CD-Scan  will  be  used 
to  corroborate  excisional  biopsy  findings  with  the  unique  fluorescence  sig¬ 
nal  of  the  prccancerous  lesion.  The  device  will  also  be  used  in  a  Phase  111 
trial  that  will  follow  the  completion  of  the  Phase  11  trial. 

In  addition,  the  U.S.  Army  Medical  Research,  Development,  Acquisition, 
and  Logistics  Command  will  be  using  a  fiber-optic  needle  and  the  CD- 
Ratiometer  to  diagnose  breast  cancer  via  needle  biopsy  techniques.  As  in 
Schantzs  trial,  the  de\ace  will  be  used  along  with  conventional  histopathol- 
ogy  methods  to  determine  the  fluorescence  signals  associated  with  breast 
malignancies.  This  trial  will  be  conducted  at  Massachusetts  General 
Hospital  (Boston,  hl\).  The  principal  investigator  is  radiologist  Daniel  B. 
Kopans,  M.D. 

MTC  is  also  planning  to  file  an  IDE  for  detecting  gastrointestinal  prema- 
lignancy  with  the  CD-Scan  device. 

VENTURES  OR  PRODUCT  AVAILABILITY 

MTC  has  15  patents  in  the  area  of  biomedical  optics.  The  CD-Scan  and  CD- 
I^itiomeier  arc  based  on  its  patented  tissue  fluorescence  technology  MTC  is 
also  working  with  the  City  University  of  New  York  and  General  Electric  to 
develop  a  non-ionizing  optical  mammography  system,  although  optical 
techniques  for  this  application  are  in  the  very  earliest  stages  of  development. 
MTC  has  received  pnvate  equity  financing  from  Allen  and  Company,  an 
investment  banking  company  to  carry  out  its  research  activities. 

CONTACT 

Mcdiscicnce  Tcchnologv'  Corporation 
Ronald  Krumm 
49  Willow  Place 
Albertson,  NY  1 1 507 
Telephone:  (516)  484-9141 
Facsimile:  (516)484-4795 
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RAMAN-BASED  GENE 
PROBE  TECHNOLOGY 


•  Dr  Vo-Dinhs  nonradioactive,  nonftu- 
orescent  f^cne  probe  is  safe  and  sensitive. 


With  the  help  of  funding  through  BMDOs  Innovative  Science' and 
Technology  Directorate  and  the  Department  of  Energy,  an  advanced  opti¬ 
cal  technology  called  surface-enhanced  Raman  optical  data  storage 
(SERODS)  was  born.  Developed  to  greatly  expand  data  storage  capabilities 
beyond  those  achievable  with  conventional  silicon  technology,  SERODS 
-  also  spawned  a  novel  gene  probe  technolo¬ 
gy,  SERGen.  SERGen  requires  no  radioac¬ 
tive  tags  or  special  fluorescing  dyes  and  cuts 
gene  identification  lime  drastically,  from  as 
many  as  16  hours  to  a  matter  of  minutes.  It 
can  also  be  used  with  conventional  molec¬ 
ular  biology  techniques  such  as  polymerase 
chain  reaction. 


Since  the  race  to 


sequence  the  human 


genome  began,  about  20 


percent  of  human  genes 


HOW  IT  WORKS 

Surface-enhanced  Raman  spectroscopy 
sequenced.  However,  (SERS)  is  the  basis  for  SERGen’s  ability  to 

distinguish  between  single-stranded  and 
double-stranded  DNA.  Adsorbing  a  gene 
sequence  of  interest  onto  an  “enhancing” 
microstruciured  metal  surface  greatly 
strengthens  the  Raman  signal,  allowing  a 
researcher  to  detect  minute  quantities  of 
specific  DNA  sequences  with  a  spectro¬ 
scope.  When  a  gene  sequence  of  interest  is 
introduced  into  the  reaction,  the  SERS 
probe  seeks  out  its  complementary  partner  on  the  reaction  plate;  this 
process  is  known  as  hybridization.  Hybridization  indicates  that  a  match 
has  been  made  between  two  complementary  strands  of  DNA.  The  double- 
stranded  hybrids  give  a  unique  Ritman  signal  distinguishing  them  from 
the  single-stranded,  unmatched  sequences. 


have  been  at  least  partially 


scientists  have  identified 


functions  for  only  3  per¬ 


cent  of  the  postulated 


80,000  to  100,000  genes. 


MEDICAL  SIGNIFICANCE 

There  arc  many  areas  in  which  SERGen  would  prove  useful  because  of  its 
rapidity  and  sensitivity  For  example,  in  our  era  of  increasing  antibiotic 
resistance,  SERGen  may  prove  a  boon  to  doctors  who  want  to  quickly 
identify  resistant  organisms.  In  this  way,  the  proper  medication  can  be  pre¬ 
scribed  and  a  wasted  course  of  ineffective  antibiotics  can  be  avoided.  There 
are  many  known  resistance  genes  in  bacteria.  With  a  simple  probe  that  rep¬ 
resents  the  sequence  of  the  resistance  gene,  SERGen  can  immediately  iden¬ 
tify  this  unique  biochemical  tag  to  narrow  drug  treatment  choices. 
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SERGcn  has  already  been  used  in  ihe  laboraion'  to  detect  sequences  from 
the  genomes  ol  HlV-1,  hepatitis  B.  and  Mycobacterium  tuhcrciilosis  (the 
organism  that  causes  tuberculosis).  Therefore,  SERGen  can  serve  as  a  fast 
probe  lor  diagnosing  infections  without  the  long  wait  for  cultures  or  anti¬ 
body  assays. 

much  more  newsworthy  application  of  SERGen  is  in  the  Human 
Genome  Project,  for  which  discussions  are  under  way.  Gene  sequencing 
and  idcntilication  timetables  have  accelerated  impressively;  however,  these 
incremental  improvements  have  been  variations  on  a  few  themes  of  con¬ 
ventional  molecular  biology  techniques.  SERGen  could  offer  a  drastic 
improvement  in  methodology 

VENTURES  OR  PRODUCT  AVAILABILITY 

SERGen  won  a  i996  R&D  100  award,  and  a  patent  for  the  technology  is 
pending. 

CONTACT 

Gak  Ridge  National  Laboratory 
Tuan  Vo-Dinh,  Ph.D. 
no.  Box  2008 
Mail  Sioj")  0101 
Oak  Ridge,  TN  17831 
Telephone;  (423)  574-6249 
Facsimile:  (423)  576-765 1 
Email:  tvo@ornl.gov 

W/\VW;  http://www.ornl.gov 
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NANOPHOSPHORS 


•  Nanophosphors  may  someday  be 
used  lo  genes  in  chromosomes. 


Structured  Materials  Industries,  Inc.  (SMI;  Piscataway,  NJ),  collaborating 
with  Rutgers  University  developed  a  deposition  and  processing  technology 
to  form,  control,  and  study  a  variety  of  nanocry^stal  powders  and  nanostruc- 
tured  films,  scv'cral  of  wiiich  are  luminescent  when  in  the  nanociystal  struc¬ 
ture.  After  conducting  preliminary  research  into  porous  silicon  and  germa- 

-  nium  nanocrystal  structures  with  BMDO 

SBIR  Phase  I  funding  in  1992,  SMI  received 
Phase  II  funding  in  1993  to  continue  the 
nanophosphor  research.  SMI  has  demon¬ 
strated  luminescence  from  several  nanocrys¬ 
tals  and  is  pursuing  full-color  electrolumi¬ 
nescent  displays  (ELDs).  Recently  SMI 
demonstrated  luminescence  from  several 
doped-oxide  compounds  as  well.  With  the 
help  of  two  additional  BMDO  STIR  awards, 
and  with  the  Massachusetts  Institute  of 
Technology  and  Lawrence  Livermore 
National  Laboratory  SMI  is  also  developing 
an  annealing  technology  for  phosphors  on 
glass,  as  well  as  zinc  oxide  epitaxy^.  Two  more 
Phase  I  awards  support  development  of  p- 
type  transparent  conductors  and  nanostruc- 
tured  films,  and  a  Phase  II  award  supports 
alternative  conductive  and  transparent 
oxides.  A  Phase  1 1  STTR  contract  supports 
nanopowder  development. 


The  late,  great  physicist 


Richard  Feynman  was 


a  vocal  proponent  of 


nanotechnology.  With 


such  technology,  he 


once  declaimed,  the 


complete  contents  of  the 


Encyclopedia  Britannica 


could  be  written  on  the 


head  of  a  pin. 


HOW  IT  WORKS 

A  new  patented,  dry  cheirtical-vapor-condensalion  process  that  can  be  cus¬ 
tomized  for  each  particular  type  of  nanoparticlc  is  being  marketed  by  SMPs 
new  division,  Nanopowder  Enterpnses,  Inc.  (NEl).  The  reactant  chemicals 
arc  fed  into  the  system  on  an  inert  carrier  gas  and  then  pass  through  a  heat¬ 
ed  reaction  chamber.  During  the  reaction  phase,  the  by-products  dissipate 
as  vapors.  Fhis  leaves  only  the  desired  product:  the  dry  nonagglome rated 
nanopariicles.  I'lie  condensation  of  the  nanopariicics  from  the  superheat¬ 
ed,  supersaturated  vapor  in  the  reaction  chamber  is  so  rapid  that  the  par¬ 
ticles  do  not  have  a  chance  to  agglomerate.  This  rapid  condensation  pro¬ 
duces  nanoparticles  with  a  narrow  size  distribution.  The  particular  com¬ 
pounds  chemistry  is  controlled  by  selecting  an  atmosphere  that  is  oxidiz¬ 
ing,  reducing,  carburizing,  or  nitridizing,  as  required.  Multicomponent  or 
multiphasic  particles  arc  formed  by  using  multiple  chemical  reactant 
sources.  This  method  controllably  produces  nanopowders  from  3  to  50 
nanometers  in  size.  When  materials  are  restricted  to  this  small  size,  they 
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can  have  dramaucally  diffcrcni  properties  from  their  larger  counterparts. 

Some  materials  strength  approaches  the  calculated  theoretical  limit;  some 
ceramic  and  inicrmetallic  materials  exhibit  ductility,  a  property  usually 
seen  only  in  metals;  some  exhibit  superplasticity;  some  exhibit  quantum 
confinement  clTccts;  and  some  exhibit  dramatically  enhanced  magnetic, 
electronic,  and  optical  properties,  ! 

MEDICAL  SIGNIFICANCE 

Nanocr\‘stal  light  emission  has  other  uses  besides  ELD  componentry.  NEI 
is  exploring  other,  more  efficient  nanophosphors  that  are  brighter  at  lower 
excitation  voltages  and  in  each  primary  color:  red,  blue,  and  green.  The 
nanophosphors  are  electroluminescent  at  1000  volts  and  arc  brighter  than 
standard  CRT  phosphors  at  that  voltage.  A  promising  biotechnology  appli¬ 
cation  for  nanophosphors  is  molecular  tagging  to  “up-convert’  infrared 
radiation  to  visible  photoluminescence.  Laboratories  now  use  tagging 
compounds  that  luminesce  when  exposed  to  either  visible  or  ultraviolet 
light — shorter  wavelengths  that  can  destroy  the  sample  maicnal  quickly 
Using  the  up-converting  nanophosphors  to  tag  and  visualize  the  DNA,  (or 
example,  may  provide  an  advantage  because  the  nanophosphors  are  acti¬ 
vated  by  infrared  light,  which  is  less  destructive  than  ultraviolet  or  visible 
light.  With  ihree  colors,  researchers  can  choose  (rom  or  combine  the 
nanophosphors  lo  create  a  wide-range  spectrum  for  identifying  dilfcrcni 
molecules  such  as  specific  DNA  sequences  or  cellular  proteins. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Founded  in  1993,  SMI  established  NEI  as  a  division  in  1995  specifically  to 
manufacture  and  market  nanocrystalline  materials,  Nanomyte^^’  powders, 
and  Nanomylc  Onc*'^^  processing  equipment.  NEI  has  received  patents 
and  has  patents  pending  lor  the  production  method  and  apparatus  lor 
nanostructured  ceramic  powders  and  whiskers;  the  method  for  large-area 
depositic^n  and  processing  ol  nanoparticlc  powders  on  sheet  substrates; 
and  for  high-vt>lumc,  low-pressure  combustion  flame  synthesis  ol 
nanophasc  materials.  SMI  and  NEI  offer  a  variety  ol  films,  jxnvdcrs,  and 
processing  equipment  and  have  generated  several  hundred  thousand  dol¬ 
lars  m  matching  funds  for  these  program  areas. 

CONTACT 

Structured  Materials  Industries,  lnc./Nanopowdcr  Enterprises,  Inc. 

Uar>'  S.  Tompa,  Ph.D. 

120  Centennial  Avenue 

Piscataway,  NJ  08854 

Telephone:  (908)  885-5909 

Facsimile;  (908)  885-5910 

Email:  7503 1.132  l@compuserve.com 
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OPTICAL  BIOPSY 


•  Optical  biopsy  holds  the  key  to  early 
cancer  diagnosis. 


Funding  for  surface-enhanced  Raman  optical  data  storage  (SERODS)  at  Oak 
Ridge  National  Laboratory  (ORNL)  also  led  to  a  different  sort  of  biological 
probe  (see  previous  article  on  SERGen).  Tuan  Vo-Dinh,  Ph.D.,  conducted 
studies  with  SERODS-associated  lasers  that  have  contributed  to  the  use  of 
lasers  tor  a  cancer  detection  method  that  substitutes  light  for  the  scalpel  of 

surgical  biopsy  Using  the  body’s  own  emis¬ 
sion  in  reaction  to  certain  wavelengths  of  laser 
light,  it  is  possible  to  detect  unique  fluores¬ 
cence  signals  with  a  spectrometer.  As  demon¬ 
strated  in  studies  conducted  by  Vo-Dinh  at 
ORNL  and  his  co-developers,  Masoud 
Panjehpour,  M.D.  and  Bergein  Overholt, 
M.D.,  at  the  Thompson  Cancer  Survival 
Center  (Knoxville,  TN),  this  activity  can 
demonstrate  cancerous  “hot  spots”  without 
removing  tissue.  Optical  biopsy  as  this  tech¬ 
nique  has  come  to  be  known,  has  gained 
tremendous  momentum  within  the  last  two 
years.  Major  trials  are  under  way  in  many 
U.S.  cancer  treatment  centers,  such  as 
Memorial-SIoan  Kettering  (New  York,  NY), 
Roswell  Park  (Buffalo,  NY),  Wellman 
Laboratories  of  Photomedicine  (Boston,  MA), 
and  Beckman  Laser  Institute  (Irvine,  CA). 


The  average  age  of  a 
cancer  patient  at  diagnosis 
is  60;  this  fact  probably 
reflects  long-term  expo¬ 
sure  to  environmental 
insults  and  carcinogens, 
as  well  as  the  aging  body’s 
declining  ability  to  repair 
genetic  mutations. 


HOW  IT  WORKS 

The  tissue  under  investigation  is  illuminated  with  laser  light  via  a  fiber¬ 
optic  probe.  Electrons  in  the  tissue  arc  tcmporanly  kicked  into  a  higher 
quantum  state,  or  energy  level;  when  they  relax  to  a  lower  energy  level, 
photons  arc  emitted  for  a  short  time  (fluorescence).  A  spectrometer  records 
the  wavelength  of  the  fluorescence.  Cancerous  tissue  fluoresces  at  peak 
wavelengths  different  from  those  seen  in  normal  tissue.  By  comparing  the 
peak  readings,  the  fluorescence  signatures  can  be  converted  into  a  real- 
color  image  that  shows  precisely  where  normal  tissue  ends  and  cancerous 
tissue  begins.  This  method  is  also  sensitive  to  precancerous  changes  and 
inllammation. 


MEDICAL  SIGNIFICANCE 

Early  diagnosis  is  the  key  to  effective  therapy  and  long-term  cancer  sur¬ 
vival.  Optical  biopsy  can  help  to  diagnose  cancers  before  they  have  had  a 
chance  to  spread  and  can  also  alert  the  clinician  to  precancerous  condi¬ 
tions  that  can  thereafter  be  carefully  monitored.  Slender  fiber-optic  light 
delivery  can  also  reach  hard-to-access  regions,  can  be  used  with  conven- 
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lional  endoscopy,  and  is  minimally  invasive.  Visual  contirmaiion  ol  a 
lumor  before  surgery^  can  prevent  tumor  excision  that  is  too  wide  ol  the 
mark — t'lften,  clinicians  remove  extra  margins  around  the  primary  tumor 
to  ensure  that  no  cancerous  tissue  has  been  left  behind,  with  results  that 
arc  disfiguring. 

I 

VENTURES  OR  PRODUCT  AVAILABILITY 

Vo-Dinhs  optical  biopsy  method,  BiOptics,  has  been  licensed  to  Optical 
Biopsy,  LLC,  a  joint  venture  of  Venture  Alliance  (Knoxville,  IN)  and 
Pioneer  Surgical  (Loxahatchee,  FL).  The  technique  is  being  evaluated  at  the 
Thompson  Cancer  Survival  Center  in  cancers  of  the  esophagus.  More  than 
100  patients  have  been  studied,  with  a  detection  rate  of  98  percent.  In 
addition,  the  BiOptics  technology  won  a  1997  award  from  the  American 
Museum  of  Science  and  Energ): 

CONTACT 

Oak  Ridge  National  Laborator\' 

Tuan  Vo-Dinh,  Ph.D. 

PO.  Box  2008 

Mall  Stop  6101 

Oak  Ridge,  TN  37831 

Telephone:  (423)  574-6249 

Facsimile:  (423)  576-7651 

Email:  ivo@ornl.gov 

WWW:  http://www.ornl.gov 
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SAGEBRUSH  GIMBAL 
FOR  NEEDLE  BIOPSY 


•  The  Rolo-Loh  rotcuy  drive  helped 
Fischer  Imciyifi^  make  a  better  needle 
biopsy  device. 


Sagebmsh  Technology  Inc.  (Albuquerque,  NM)  developed  a  novel  rotary 
drive  system  to  precisely  position  laser  beam  transmitters  and  receivers  in  a 
communications  network.  The  device,  called  the  Roto-Lok®  rotary  drive, 
has  both  military  and  commercial  applications  in  the  angular  positioning  of 
mechanical  components.  The  Roto-ii^k  rotary  drive  was  originally  designed 
-  to  control  large,  heavy  astronomical  tele¬ 
scopes.  The  BMDO  Laser  Communications 
(LaserCom)  program,  however,  provided 
key  support  to  develop  the  drive  into  a  high- 
visibility  product.  In  the  LaserCom  project. 
Sagebrush  used  the  Roto-Lok  drive  to  con¬ 
trol  the  precision  angular  alignment  of  laser 
United  States  in  the  1920s,  beam  transmitters  and  receivers  in  a  com¬ 
munications  network.  The  drive  also  served 
to  position  a  telescope  on  BMDOs  High 
Altitude  Balloon  Expenment. 


Needie  aspiration 


cytopathology  was 


originally  developed  in  the 


but  Scandinavian  studies 


from  the  1940s  through  the 


1970s  led  to  U.S.  accep¬ 
tance  of  the  needle  biopsy 

for  breast  tissue. 


Fischer  Imaging  (Denver,  CO)  recently 
acquired  a  Roto-Lok  drive  to  improve  the 
accuracy  of  its  needle  biopsy  guidance  sys¬ 
tem,  used  to  sample  breast  tissue.  This 
adaptation  has  allowed  Fischer  engineers  to 
provide  accurate,  smooth  needle  delivery  to 
the  region  of  concern. 


HOW  IT  WORKS 

The  drive  uses  spring-loaded  cables  to  accurately  turn  a  cylinder  (drum) 
that  positions  the  equipment.  The  cables  arc  wound  around  the  drive 
motor  shaft  (a  capstan)  and  attached  by  a  spring  at  one  end  to  the  drum. 
As  the  capstan  turns,  Iriction  from  the  cables  forces  rotation  ol  the  drum 
and  the  components  mounted  on  it.  The  tensioned  cables  provide  high 
torsional  si  iff  ness  without  backlash  (a  design  problem  in  precision  gears 
that  reduces  pointing  accuracy  and  transmission  efficiency).  They  also  pro¬ 
vide  smooth  operation.  Because  the  cables  do  not  slide  on  the  drum  or 
capstan,  there  is  virtually  no  wear.  Any  imperfections  on  a  single  cable  or 
on  the  drum  are  averaged  over  the  multiple  cables,  so  the  drive  is  extreme¬ 
ly  smooth.  In  addition,  performance  does  not  degrade  with  use.  The  drive 
can  position  the  drum  to  within  i  microradian  of  arc.  Further,  it  transmits 
rotation  at  efficiency  rates  greater  than  98  percent  and  runs  more  quietly 
than  any  other  mechanical  transmission  system. 
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MEDICAL  SIGNIFICANCE 

Roto-Lok  drives  are  now  lending  precision  and  reliability  to  Fischer 
Imagings  specialized  needle  biopsy  driver.  The  device  is  a  semiautomated 
ultrasound  imager  that  displays  the  breast  lesion  and  helps  to  position  a 
needle  lor  minimally  invasive  breast  biopsy.  The  Roto-Lok  drive  enables 
the  physician  to  aim  and  deliver  the  needle  with  great  accuracy  and 
smooth  motion,  which  are  of  utmost  importance  in  any  biopsy.  In  addi¬ 
tion,  the  drivers  performance  does  not  degrade  with  repeated  procedures, 
significantly  reducing  overall  maintenance.  The  simpler  mechanics  ol  the 
drive  also  allow  for  improved  housing  so  that  the  unit  is  easier  to  manip¬ 
ulate  and  sterilize  between  procedures. 

When  a  mammogram  or  self-exam  reveals  a  suspicious  area,  needle  biop¬ 
sy  is  the  least  invasive  way  to  sample  the  region  of  concern  and  yield  a  core 
of  tissue  for  a  histopathological  examination.  If  the  sample  is  positive  for 
cancer,  then  mastectomy  or  breast-conserving  lumpectomy  may  be  per¬ 
formed,  with  adjuvant  therapy  If  the  sample  is  negative,  then  the  patient 
will  have  avoided  more  painful,  costly,  and  cosmetically  unsatislactory  sur¬ 
gical  biopsy. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Sagebrush  currently  custom-designs  Roto-Lok  drives  lor  a  variety  of  appli¬ 
cations.  Sagebrush  has  received  several  patents  lor  the  R(.)to-L(.)k  drive. 
Patent  applications  also  have  been  liled.  At  present,  Fischer  is  finishing  its 
adaptation  of  the  Roto-Lok  drive  into  its  needle  biopsy  unit. 

CONTACT 

Sagebrush  Technology^  Inc. 

Donald  G.  Carson 
10300A  Constitution  Avenue,  NE 
Albuquerque,  NM  87112 
Telephone:  (505)  299-6623 
Facsimile:  (505)  298-2072 
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CHAPTER  3 

INTERVENTION  TECHNOLOGIES 


When  !i\  ing  s)'slcnis  fail  because  of  disease  oragini;,  medicine  has 
at  its  disposal  some  truly  amazing  remedies.  I  hese  nostrums 
range  Irom  outright  replacement  ol  the  deleclive  part,  to  modilica- 
tion  ol  an  existing  one,  to  the  general  practice  that  most  of  us  are 
lamiliar  with.  Id  ellect  these  healing  clianges,  a  wide  range  of  tech¬ 
nology  developments  have  been  used.  Microelectromechanical  sys¬ 
tems  engineering,  ion  beam  implanting  teehnic[ues,  new  bioeom- 
patible  materials,  ullrasbort  electrical  pulses,  and  lasers  all  play  a 
|nirt  in  these  medical  advances. 


THIS  CHAPTER  INCLUDES  THE  FOLLOWING 
SECTIONS  AND  THEIR  STORIES: 


Scc/ioii  A  -  hnffhni/s 
MliMS  Sensor  lor  Balance  Disorders 
lon<lk'am  Surface  Ireaiment  for  Implants 
Ad\  anccd  Material  for  Ortholics  and  Im|)lants 
Spires  I  on- Beam  Applications 
Novel  Material  for  Spinal  Implants 

S(’cn'oM  />  -  /icnom  iir 
Wellman  Laboratories  ol  Bhotomcdicine 
Beckman  Laser  Institute  Advances 
Baylor  Photosensitizing  Agents 
1  ligh-Lnergy  Capacitors  to  Help  Zap  Microbes 
Carbon  Dioxide  Lasers  for  Medical  Applications 
Ullrafast  Light-Activated  Switches 


StEr:C.T  I  ON  AT 


IMP  l:.a  N  T  s:  : 


Hearts  can  be  replaced,  b^  onty  with  a  donation  fr^  ahqth* 


o^pplahM  by  artificlai  cotnMnients  deaigned  to  producer 
piinimaj  reaction  from  the  hosfc  Tfib  exception  in  the  follow- - 
ingiseries  of  stories  Is  a  miniature  In^al  unit  that  may  be^ 


^rilk>ns  theme  of  better^inateriais  for  bio(»mpatibilily,  " 
based  on  modifying  the  surtace  and  structure  char^en^^^^^^ 

-  tics  of  the  implantable  object-:/ 


1. "  A  vest  fitted  with  sensors  that  can  provide  tactile  feed¬ 
back  signals  to  persons  with  b^ance  disorders  ^ 

2. ^Stronger  material  components  for  .  hip^  replacement . 
■surgery  _  ^ 

3;:  Ugh^eight  ortitotics  bra^;H 

4.  An  ion-beam  method  for  increasing  battery  lifetimes  for 
pacemakers,  meaning  fewer  surgeries. 

5.  Inserts  to  stabilize  the  spine  to  ameliorate  the  pain  of  trau¬ 
ma  or  degenerative  disease. 
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MEMS  SENSOR  FOR 
BALANCE  DISORDERS 


^  The  lightweight  MEMS  sensor  may 
someday  act  as  a  cue  to  patients  with 
inner-ear  disorders. 


The  Charles  Siark  Draper  Laboratories  (Cambridge,  MA)  developed  a 
micromachining  process  for  the  manufacture  of  miniature  inertial  sensors 
using  microeleciromechanical  systems  (MEMS).  The  low-cost  sensors 
combined  the  functions  of  a  gyroscope  and  an  accelerometer  with  an  infor¬ 
mation  processor  to  provide  inerfial  guidance  components  for  BMDO’s 

Lightweight  Exoatmospheric  Advanced 
Projectiles  program.  The  lightweight  sen¬ 
sors  have  numerous  applications  in  military 
and  commercial  technology,  including  pre¬ 
cision-guided  munitions,  autopilot  con¬ 
trols,  airbag  deployment,  and  medical  elec¬ 
tronics.  In  this  last  category,  the  microma¬ 
chining  innovation  may  lead  to  a  unique 
way  to  help  patients  with  balance  disorders. 


Vestibular  disease  can  be 


detected  by  observing 


rbythmic  movements  of 


the  eyes  while  instilling 


warm  or  cool  water  into 


HOW  IT  WORKS 


the  ears.  In  a  normal 

subject,  cool  water  causes 
the  eyes  to  move  in  the 
opposite  direction  of  the 
irrigated  ear,  and  warm 
water  causes  movement 

toward  it.  The  clinician  can 


Draper  Labs’  micromachining  process  uses 
controlled  chemical  etching  that  can  place 
up  to  10,000  devices  on  a  single  silicon 
chip.  The  chips  can  be  mass-produced, 
keeping  production  costs  to  a  minimum.  In 
addition,  the  low  power  requirements,  small 
size,  and  complexity  of  the  chip  make  it  a 
versatile  component  for  a  lightweight  feed¬ 
back  system.  The  chips  features  have  lent 
themselves  well  to  a  collaborative  project 
involving  the  restoration  of  balance  cues  to 
patients  with  inner-car  disturbances. 


judge  certain  aspects  of 
disease  by  watching  how 
fast  or  how  slowly  the 
eye  movements  occur 

and  whether  movement  is 
suppressed  in  a  particular 
direction. 


MEDICAL  SIGNIFICANCE 

Vestibular  (inner-car)  disorder  is  an  uncom¬ 
mon  but  sometimes  very  debilitating  condi¬ 
tion  that  can  be  caused  by  transient  viral 
infections,  tumors,  or  trauma  to  the 
vestibular  organs  and  nerves.  Signals  about 
the  body’s  orientation  in  space  (particularly 
rotational  changes)  are  processed  by  a  sys¬ 
tem  of  hair  cells  that  are  moved  about  by 
fluid  flow  within  the  inner  ears  semicircular 
canals.  These  signals  are  relayed  by  the 
vestibular  nerves  to  the  brain,  which  in  turn 
signals  the  body  to  make  postural  adjust¬ 
ments  to  maintain  balance.  Damage  to  the 
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vestibular  system  can  cause  some  patients  to  lose  their  sense  of  balance, 
resulting  in  recurrent  dizziness  that  can  greatly  inhibit  lifestyle  and  cause 
injury  In  February  1997,  researchers  at  Draper  Labs,  the  Massachusetts 
Eye  and  Ear  Infirmary  (MEEl),  and  the  Massachusetts  Institute  of 
Technology  (MIT),  with  the  support  of  the  W  M.  Keck  Foundation  of  Los 
Angeles,  began  to  consider  the  MEMS  chip  as  a  component  in  a  feedback 
loop  system  that  alerts  patients  when  they  begin  to  lose  their  balance.  An 
initial  system  design  would  incorporate  MEMS  devices  into  a  vest  that  can 
be  comfortably  worn  by  a  patient.  When  one  of  the  MEMS  chips  senses  a 
deviation  of  a  few  degrees  from  vertical  (indicating  that  the  wearer  is 
falling),  a  vibration  is  induced  that  alerts  the  wearer  to  correct  the  situa¬ 
tion.  An  arrangement  of  chips  can  take  the  place  of  normal  cues  provided 
by  the  ailing  vestibular  system.  Eventually,  researchers  hope  that  such  an 
inertial  guidance  device  could  be  inserted  in  the  inner  ear  itself,  much  as 
cochlear  implants  are  implanted  in  deaf  patients. 

VENTURES  OR  PRODUCT  AVAILABILITY 

This  nascent  work  is  part  of  the  Balance  Project  in  the  W  M.  Keck  Neural 
Prosthesis  Research  Center  at  Massachusetts  General  Hospital,  The  center 
includes  investigators  from  MIT,  MEET  and  Draper  Labs.  The  centers 
director  is  Donald  Eddington,  Ph.D.,  of  the  Cochlear  Implant  Research 
Laboratory  at  MEEL  Draper  Labs  is  contributing  internal  funding  to  this 
project  as  well. 

CONTACT 

Charles  Stark  Draper  Laboratories 
Donald  K.  Eddington,  Ph.D. 

Cochlear  Implant  Laboratory 
Massachusetts  Eye  and  Ear  Infirmary 
243  Charles  Street 
Boston,  M A  02114 
Telephone:  (617)573-3766 
Facsimile:  (617)  573-3023 
Email:  dke@cirl.meei.harvard.edu 

WWW:  hltp://www.drapcr.com 
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ION-BEAM  SURFACE 
TREATMENT  FOR  IMPLANTS 


IBEST  can  help  strengthen  the  sur¬ 
faces  of  weight-hearing  artificial  joints. 


Sandia  National  Laboratories  (Albuquerque,  NM)  developed  an  ion-beam 
treatment  technique  called  IBEST™  (ion-beam  surface  treatment)  to  mod¬ 
ify  surfaces  of  metals,  ceramics,  and  plastic  to  make  them  more  durable. 
The  repetitive  high-energy  pulsed-power  (RHEPP)  accelerator  developed 
for  this  treatment  was  funded  ini  part  by  BMDO’s  Free  Electron  Laser 

-  weapons  program  and  the  Department  of 

Energy's  Inertial  Confinement  Fusion  pro¬ 
gram.  IBEST  docs  not  produce  environmen¬ 
tally  harmful  waste  products  or  residue, 
unlike  predecessor  technologies  such  as 
electroplating  and  other  chemical  processes. 
To  commercialize  the  patented  IBEST  tech¬ 
nology,  two  Sandia  scientists  obtained  exclu¬ 
sive  worldwide  rights  to  IBEST  and  formed 
a  new  company  called  QM  Technologies, 
Inc.  (Albuquerque,  NM). 


More  than  90  percent 


of  hip  replacements  last 


at  least  10  years.  This 


statistic  is  expected  to 


improve  as  materials  and 


techniques  evolve  further. 


HOW  IT  WORKS 


RHEPP  accelerators  deliver  shon-duration, 
high-inicnsity  ion  beams.  This  combination  of  rapid  pulsing  and  high  ener¬ 
gy  allows  controlled  melting  and  surface  modification  of  various  materials. 
The  heart  of  the  RHEPP  accelerator  is  a  magnetically  confined  anode  plas¬ 
ma  (MAP)  diode,  invented  at  Cornell  University  Through  this  device,  an 
electneal  pulse  is  delivered  to  a  pre-ionized  gas  inside  the  MAP  diode.  The 
electrical  pulse  kicks  ions  out  of  the  plasma  that  then  travel  through  a  vac¬ 
uum  to  the  surface  to  be  modified.  The  IBEST  ion  beam  can  cover  several 
hundred  square  centimeters  at  once.  Very'  thin  surface  layers  (2  to  20 
micrometers  thick)  arc  rapidly  melted  and  cooled,  forming  nanocrystallinc 
grain  layers  without  changing  the  atomic  composition  ol  the  treated  surface. 


MEDICAL  SIGNIFICANCE 

Medical  implants,  especially  weight-bearing  hip  joints  for  replacement  surg¬ 
eries,  need  to  be  durable.  The  longer  a  joint  remains  functional,  the  longer 
the  patient  can  avoid  a  second  surger)'  to  replace  a  failed  or  worn  implant. 
Modern  artificial  hips  arc  often  made  of  composite  material,  usually  a 
ceramic  that  is  coaled  with  a  durable  metal,  such  as  titanium,  at  the  femur 
head  (the  “ball”  of  the  ball-and-socket  hip  arrangement).  Minute  cracks  in 
the  metal  coating  allow  calcium  ions  from  the  synovial  fluid  (lubricating 
fluid  in  the  joint)  to  migrate  through  to  the  composite  material  of  the 
replacement,  causing  the  material  to  break  down.  IBEST  treatment  can  min¬ 
imize  or  eliminate  these  cracks,  resulting  in  a  longer-lived  joint. 
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VENTURES  OR  PRODUCT  AVAILABILITY 

QM  Technologies  is  currently  evaluating  materials  used  by  companies 
manulacturing  artificial  joints  with  an  eye  to  improving  knee  and  hip  joints 
wMth  IBEST  iechnolog)t  IBEST  also  has  many  applications  in  the  nonmed¬ 
ical  arena,  with  development  projects  in  the  automotive,  aerospace,  and 
lool-and-die  industnes. 

CONTACT 

QM  Technologies,  Inc. 

Phillip  Maloy 
3701  Haw^kins  Street,  NE 
Albuquerque,  NM  87109 
Telephone:  (505)  342-2851 
Facsimile:  (505)  342-2852 
Email:  pwmaloy@QMInc.com 
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ADVANCED  MATERIAL  FOR 
ORTHOTICS  AND  IMPLANTS 


SPARTAs  technology  has  been 
instrumental  in  improving  hip,  knee, 
and  ankle  Joints. 


SPARTA,  Inc.  (San  Diego,  CA),  has  developed  composite  materials  for 
stronger,  lighter-weight  orthotics  and  medical  implants.  BMDO  funded 
SPARTA’s  work  in  structural  materials.  The  requirements  lor  high  stiffness 

•4 

and  strength  in  a  ground-based  missile  interceptor  led  to  a  composite 
material  of  graphite  fiber  and  resin.  I 

HOW  IT  WORKS 

SPARTA  begins  designing  each  orthotic  or 
implant  by  selecting  appropriate  composite 
thermoset  and  thermoplastic  compounds 
for  the  application,  including  those  that  are 
formable  at  low  temperatures,  lightweight, 
and  low  cost.  Then  it  selects  the  length  of 
the  fibers.  SPARTAs  technology  combines 
the  best  of  continuous  and  chopped  fibers, 
which  provides  the  necessary  formability 
yet  retains  the  high  strength  of  the  materi¬ 
als.  These  materials  can  also  be  constructed 
for  stiffness  without  malleability  when 
needed,  as  in  the  ankle  joints,  knee  joints, 
and  foot  plates. 

MEDICAL  SIGNIFICANCE 

SPARTAs  technology  is  especially  useful 
when  strong,  lightweight  materials  are 
needed  for  full-leg  braces,  ankle  joints,  knee 
joints,  foot  plates,  hip  implants,  bone 
implants,  and  spinal  implants.  External 
bracing  is  designed  primarily  for  patients 
who  have  lower-extremity  paralysis  after  spinal  cord  injur\;  with  some  lim¬ 
ited  applications  for  post-polio  syndrome  and  congenital  disorders. 
Composite  orthopedic  implants  for  repairing  long-bone  fractures  and  sta¬ 
bilizing  spines  arc  also  under  study. 

The  medical  community's  interest  encouraged  SPARTA  to  develop 
implantable  biomimctic  components,  including  femur  and  spinal 
implants.  SPARTA — with  the  National  Science  Foundation;  the  University 
of  California  at  Davis;  Mekanika,  Inc.  (Miami,  FL);  the  University  of 
Miami,  Department  of  Orthopedics;  and  Brent  Adamson,  M.D.,  (Kearney 
NE) — studied  repairing  long-bone  fractures  with  composite  devices.  The 
study  used  a  composite  femur  implant  for  testing  because  of  the  strength 
required  and  the  large  amount  of  readily  available  data  on  steel  implants. 
The  information,  methods,  and  synthetic  matenals  used  in  the  composite 
femur  implant  are  also  applicable  to  other  long  bones. 


Approximately  43  million 
Americans  are  regarded 
as  having  some  sort  of 
physical  disability.  New 

materials  and  both  func¬ 
tional  and  anatomical 

modeling  based  on  mag¬ 
netic  resonance  imaging 
and  computed  tomography 
have  brought  much  relief 

to  such  individuals. 
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SPARTA,  in  a  joint  venture  with  Mekanika,  is  developing  a  spinal  implant 
to  immobilize  vertebrae  and  has  worked  with  the  Defense  Advanced 
Research  Projects  Agency  to  generate  Food  and  Drug  Administration  data 
and  commercialize  the  spinal  implant.  Mechanical  testing  is  continuing 
along  with  cadaver  studies.  SPARTA  is  now  working  on  testing  the  com¬ 
plete  system,  rather  than  the  individual  components,  and  is  directing  its 
energies  to  lowering  the  system  cost. 

VENTURES  OR  PRODUCT  AVAILABILITY 

SPARTA  has  worked  with  the  National  Rehabilitation  Hospital  (NRH; 
Washington,  DC),  the  General  Reinsurance  Corporation,  and  Becker 
Orthopedic  Appliance  Company  (Troy,  MI)  to  develop  lightweight  knee 
and  ankle  joints.  In  particular,  this  effort  resulted  in  an  articulating  drop¬ 
lock  knee  joint  that  can  be  either  locked  in  the  upright  position  for  walk¬ 
ing  or  unlocked  for  sitting,  allowing  the  leg  to  bend.  Both  joints  passed 
mechanical  static  and  fatigue  testing.  The  knee  joint  is  in  clinical  trials,  and 
the  ankle  joint  is  now  in  clinical  evaluation  at  NRH.  SPARTA  has  met  its 
goal  of  reducing  materials  costs  for  the  ankle  joint. 

The  National  Institutes  of  Health  (NIH)  is  in  discussion  with  SPARTA  and 
the  inventors  of  the  “Seattle  foot”  for  a  prosthetic  study.  The  Seattle  foot  is 
notable  for  its  appearance  in  television  advertisements  in  which  double 
amputees  play  basketball.  Currently,  this  venture  is  on  hold  because  of 
SPARTAs  transformation  from  small  business  to  large,  which  makes  it  inel¬ 
igible  for  NIH  Phase  ll  SBIR  funding.  Proof  of  concept  was  successfully 
demonstrated  under  a  Phase  I  SBIR  contract. 

SPARTAs  program  manager  for  bioengineering  of  advanced  material  prod¬ 
ucts  is  Moreno  White,  whose  awards  for  bioengineering  include  the  1989 
SDIO/ADPA  Technology  Transfer  Award,  the  1993  DuPont/ASM 
Composite  Systems  Award  for  the  composite  leg  brace,  and  the  1996 
Composites  Institutes  Award  of  Excellence. 

CONTACT 

SPARTA,  Inc. 

Moreno  White 

10540  Heater  Court 

San  Diego,  CA  92121-1964 

Telephone:  (619)  455-1650 

Facsimile:  (619)  455-1698 

Email:  moreno_white@sparta.com 

WWW:  http://www.sparta.com 
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SPIRES  ION-BEAM 
APPLICATIONS 


“^SPl-TEXT  creates  random  patterns 
on  surfaces  that  can  be  useful  for  many 
biomaterials. 


With  the  help  of  BMDO  SBIR  contracts.  Spire  Corporation  (Bedford.  MA) 
developed  an  ion-beam  texturization  method  that  can  create  intricate  sur¬ 
faces  on  a  variety  of  materials.  For  BMDO’s  Advanced  Optical  Baffles  pro- 
gram,  Spire  used  its  patented  SPI-TEXT  method  to  create  random  patterns 
on  optical  sensors  that  aid  in  rejeccing  stray  light.  These  sensors  were  used 

in  BMDOs  moon-orbiting  spacecraft, 
Clementine,  as  part  of  the  light  collection 
system  for  star  tracking.  The  same  textur¬ 
ization  method  plays  an  integral  role  in 
Spires  biomaterial  product  line. 

HOW  IT  WORKS 

Spire  developed  an  advanced  surface  mod¬ 
ification  technology  based  on  ion-beam 
implantation  and  ion-beam-assisted  deposi¬ 
tion  techniques.  To  produce  optically  dark 
surfaces,  metals  arc  bombarded  with  ions  to 
create  micrometer-scale  textures,  increasing 
surface  area  and  providing  light-trapping 
pores.  For  biomatcnals  that  are  either  poly¬ 
meric  or  metallic,  this  etching  can  alter  sur¬ 
faces  for  all  manner  of  applications — for 
example,  providing  better  anchoring  for 
bacteria  in  petri  dishes  or,  conversely  by 
coating  and  smoothing  a  catheter  surface  to 
prevent  bacterial  adherence. 

MEDICAL  SIGNIFICANCE 

While  medical  procedures  certainly  save 
lives  and  alleviate  suffering,  many  of  the 
physical  invasions  associated  with  modern 
practices  automaticalK’  introduce  new  problems.  Any  device  that  is  insert¬ 
ed  into  the  body  carries  with  it  a  threat  of  infection.  Bacteria  are  often  par¬ 
ticularly  attracted  to  polymers  in  portions  of  hip  and  knee  implants,  as  well 
as  indwelling  catheters  and  heart  valve  sewing  cuffs.  They  easily  take  up 
residence  on  these  devices  in  a  resistant  covering  called  a  biofilm.  Even 
bacteria  that  are  normally  eradicable  by  antibiotics  can  avoid  harm  by  col¬ 
onizing  implants  in  this  manner.  In  addition,  rough  surfaces  on  medical 
devices  can  promote  the  formation  of  clots  that  can  travel  to  the  lung, 
heart,  and  brain,  with  devastating  consequences. 

One  of  Spires  latest  efforts  has  been  in  impregnating  replacement  heart 
valve  sewing  cuffs  with  silver  metal  through  an  ion-beam  process  called 
SPI-ARGENT.  This  coating  of  elemental  metal  helps  prevent  bacterial 


Bacterial  endocarditis  is 

an  infrequent  complication 
of  valve  replacement 
surgery,  but  once  acquired 
it  can  be  fatal  to  nearly 
60  percent  of  patients.  It 
can  also  be  acquired  by 
rheumatic  heart  patients 
after  simple  surgery  or 
dental  procedures.  In  both 
cases  it  can  usually  be 
prevented  with  antibiotics. 
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growth  on  the  cuth  thus  lowering  the  incidence  of  posireplacemeni  endo¬ 
carditis,  a  lifc-ihrcaiening  infection  of  the  hearts  inner  lining.  In  early  June 
1997.  Spire  announced  an  exclusive  agreement  with  St.  Jude  Medical,  Inc., 
to  dc\'clop  the  heart-valve  sewing  cuff.  St.  Jude  produces  mechanical  heart 
v'alves  that  arc  considered  the  gold  standard  in  the  industry:  Using  related 
technology  Spire  also  treats  central  venous  catheters  and  surgical  guide 
wires  to  reduce  the  likelihood  of  clot  formation  and  increase  lubricity 
which  eases  the  insertion  process. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Spires  registered  and  trademarked  techniques  include  the  lollowing: 

lONGUARD  enhances  the  mechanical  and  chemical  surface  properties  of 
titanium  alloy  cobalt-chromium,  and  other  metal  and  ceramic  orthopedic 
or  dental  devices.  Overall,  this  process  makes  artificial  joints  more  durable 
by  increasing  wettability  and  reducing  friction;  it  also  enhances  adhesion 
to  biocompatiblc  cements. 

SPl-TCXT  texturizes  electrodes  used  in  cardiac  pacemaker  batteries.  The 
increased  surface  area  improves  tissue  attachment  and  decreases  electrical 
resistance  at  the  contacts.  Testing  showed  that  battery  lifetimes  were 
increased  by  300  percent,  electrode  resistance  was  reduced,  and  battery' 
weight  was  decreased.  SPl-THXT  was  licensed  by  a  cardiac  pacemaker 
manulaclLirer  in  1993. 

SPI-ARGENT  treats  polymer,  metal,  and  ceramic  medical  devices  to  reduce 
the  materials  ability  to  induce  blood  clotting  (increase  thromboresistance), 
to  reduce  bactenal  adhesion,  and  to  improve  hardness,  slickness,  and 
bondability  of  surlaces. 

Spires  recently  introduced  line  of  central  venous  catheters  is  treated  with  a 
process  called  SPl-POLYMER.  The  proce.ss  is  designed  to  create  a  slick  and 
ihromlx’ircsistant  surface  lor  catheters. 

CONTACT 

Spire  Corporation 
)ohn  E.  Barr\’ 

C')nc  Patriots  Park 
Bedford.  MA  01730-2390 
Telephone:  iril7)  275-0000 
Facsimile:  t0l7)  275-7470 
Email:  email@spirccorp.com 

W  W  AV:  http  ://www.  spirecorp.com 
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NOVEL  MATERIAL  FOR 
SPINAL  IMPLANTS 


^  Ultramcts  synthetic  cellular  materials 
are  readily  compatible  with  natural  bone. 


Ultramet  (Pacoima,  CA)  received  SBIR  funding  from  BMDO  to  develop  insu¬ 
lator  materials  for  rocket  nozzles.  From  this  research,  the  company  success¬ 
fully  manufactured  synthetic  cellular  foams  that  can  serv^e  both  as  insulators 

>4 

and  as  kinetic  energy  absorbers.  The  foaros  are  made  of  ceramic,  metal,  and  glass 
and  can  be  used  for  biomedical,  environinental,  and  construction  applications. 


In  evolutionary  terms, 
the  human  spine  is  an 
imperfect  support  system 
because  of  our  fairly 
recent  adaptation  to  the 
upright  position.  It  was 
really  designed  for  crea¬ 
tures  who  move  on  ail 

fours.  Back  pain  and 
spinal  disorders  are 
prevalent  in  human  lives, 
largely  because  of  this 
engineering  glitch. 


HOW  IT  WORKS 

Ultramcts  materials  are  composed  of  a  car¬ 
bon  foam  skeleton  that  is  treated  by  a  chem¬ 
ical  vapor  deposition  (CVD)  method  to  lay 
down  a  coating  of  various  compounds  and 
elements.  Through  CVD,  a  continuous  thin 
film  of  metals  such  as  rhenium  or  tantalum, 
or  compounds  such  as  silicon  carbide,  can 
be  distributed  throughout  the  interior  of  the 
construct,  lending  cenain  thermal  or  tensile 
properties  to  the  carbon  foam  substrate  and 
to  the  structure  as  a  whole.  The  resulting 
products  are  characterized  by  low  cost,  low 
density,  high  chemical  purity,  controlled 
thermal  expansion,  and  high  thermal  stabili¬ 
ty.  Depending  on  the  coating  used,  the  mate¬ 
rial  can  be  made  resistant  to  oxidation  and 
can  withstand  temperatures  of  up  to  6,000° 
F  The  high  strength  and  porous  structure  of 
one  Ultramet  product,  Hcdrocel®,  makes  it 
especially  useful  as  a  biocompatible  replace¬ 
ment  for  the  vertebral  bodies  that  make  up 
the  spinal  column.  Hedrocel  is  a  tantalum- 
coated  carbon  porous  matrix  product  that 
mimics  the  propenies  of,  and  is  compatible 
with,  bone. 


MEDICAL  SIGNIFICANCE 

The  problems  of  the  aging  spine  can  be  traced,  at  times,  to  loss  of  soft  tis¬ 
sue  between  the  vertebrae.  This  can  lead  to  pain  from  compressed  spinal 
ner\'es.  Cancer  that  has  metastasized  to  the  spine,  degenerative  diseases 
such  as  arthritis,  and  trauma  can  also  compromise  soft  tissue.  Hedrocel 
was  licensed  by  Implex  Corporation  (Allendale,  NJ)  to  be  used  in  replace¬ 
ment  discs  for  the  spinal  column.  Specifically,  the  replacement  acts  as  a 
spacer  in  support  of  the  vertebral  body,  or  the  round  portion  of  the  disc. 
The  porous  natural  structure  of  bone  is  simulated  by  Hedrocel,  and  bone 
can  gradually  infiltrate  into  the  artificial  disc  just  as  it  would  into  a  dam- 
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aged  section  of  natural  bone.  The  vertebral  body  implant  is  screwed  into 
place,  sometimes  with  a  cement  accompaniment,  and  consolidation  takes 
place  as  the  bone  and  Hedrocel  implant  fuse  together.  The  fusion  obviates 
the  necessity  for  the  soft  tissue  disc,  and  the  two  bony  processes  grow 
together,  reducing  the  possibility  of  nerve  compression  and  therefore  pain. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Early  animal  studies  funded  by  the  National  Institutes  of  Health  spurred 
Implex  to  build  facilities  specifically  for  Hedrocel  implant  products. 
Hedrocel  vertebral  implants  \vere  then  used  in  eight  European  patients  in 
late  1994.  They  are  currently  being  used  in  a  United  Kingdom  trial  of  25 
patients,  specifically  for  replacement  of  the  lower  cervical  vertebrae. 
Implex  is  also  planning  to  manufacture  de\ices  for  the  small  joints  of  the 
fingers,  as  well  as  components  for  hip  replacements. 

Ultramet  owns  the  patent  on  the  carbon  foam  process.  Ultramet  licensed 
the  technology  to  Implex,  which  trademarked  Hedrocel, 

CONTACT 

Ultramet,  Inc. 

Robert  H.  Tuffias,  Ph.D. 

12173  Montague  Street 
Pacoima,  CA  91331 
Telephone:  (818)899-0236 
Facsimile:  (818)890-1946 
Email:  ultramet@earthlink.com 

WWW:  http://www.ultramet.com 
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WELLMAN  UBORATORIES 
OF  PHOTOMEDICINE 


Photodynamic  therapy  can  selectively 
destroy  cancerous  cells. 


During  the  late  i980s,  BMDO  funded  the  MFEL  program  to  allow  medi¬ 
cine  to  leverage  the  Defense  Department’s  advanced  laser  technology.  With 
help  from  this  initiative,  Massachusetts  General  Hospital  (Boston,  MA) 
nurtured  a  combined  research  and’^clinical  laboratory  that  came  to  be 
known  as  the  Wellman  Laboratories)  of  Photomedicine.  In  this  brief  peri¬ 
od,  Wellman  has  achieved  worldwide 
recognition  for  its  excellence  in  light-based 
medicine,  as  well  as  a  pioneering  milestone 
in  cancer  treatment  called  photodynamic 
therapy  Thus,  technology  transfer  from  the 
high-powered  free  electron  laser,  originally 
conceived  to  kill  enemy  missiles,  has 
enabled  destruction  of  a  different  sort. 

HOW  IT  WORKS 

The  discrete  wavelengths  and  short,  well- 
controlled  pulses  of  laser  devices  allow  clini¬ 
cians  to  investigate  and  observe  specific  phys¬ 
ical  interactions.  For  instance,  certain  skin 
pigments  such  as  melanin  absorb  light  at  a 
particular  wavelength,  as  does  the  hemoglo¬ 
bin  in  red  blood  cells.  Researchers  can  take 
advantage  of  these  particular  traits  and  tailor 
new  therapies  to  old  disorders.  The  MFEL  program  allowed  researchers  access 
10  powerful  free  electron  lasers,  which  in  turn  led  to  insights  for  new  applica¬ 
tions  of  Nd:YAG,  carbon  dioxide,  and  other  medically  useful  lasers. 

MEDICAL  SIGNIFICANCE 

Photodynamic  Therapy.  Wellman  Laboratories  of  Photomcdicinc  has  devel¬ 
oped  a  wide  range  of  light- based  therapies.  The  most  notable  among  these  is 
photodynamic  therapy  (PDT),  a  method  of  killing  tumors  and  other  diseased 
tissues  that  has  been  approved  by  the  Food  and  Drug  Administration  (FDA). 
Lasers  are  a  critical  pan  of  PDT  because  a  precise  wavelength  of  light  is  need¬ 
ed  to  activate  the  tumoricidal  drug.  In  this  case,  the  drug  is  Photofrin,  a  com¬ 
pound  that  is  preferentially  absorbed  by  cancer  cells.  The  drug  remains  inac¬ 
tive  until  exposed  to  light,  whereupon  it  releases  high-energy  oxidation 
products  that  kill  the  tumor,  in  a  manner  similar  to  how  the  immune  system 
eliminates  damaged  or  diseased  cells.  Normal  tissue  is  spared,  and  there  are 
few  undesirable  side  effects.  Second-generation  photoactive  drugs  such  as 
benzoporphyrin  derivative  are  also  being  tested  for  efficacy  in  PDT,  and  the 
applications  are  not  limited  to  cancer.  Rheumatoid  arthritis,  psoriasis, 
endometriosis,  macular  degeneration,  and  regrowth  of  arterial  plaque  after 
angioplasty  are  all  conditions  that  are  being  treated  experimentally  with  PDT. 

Laser  Treatment  of  Skin  Lesions.  Before  lasers  were  accepted  as  a  clinical 
tool,  pigmented  skin  lesions  such  as  the  purplish-red  port-wine  stain  and 
the  common  hemangioma,  or  “strawberry  mark,”  were  not  satisfactorily 


Lasers  have  revolutionized 

the  lucrative  practice  of 
cosmetic  surgery  and 

related  services.  For 

depilation  alone,  where 
lasers  have  just  made  an 
entry,  the  U.S.  market  is 
estimated  at  $1  billion. 
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treatable.  Lesions  that  appear  on  the  face  are  cosmetically  disturbing  to  the 
patient,  and  occasionally  a  hemangioma  can  threaten  eyesight  or  obstruct 
the  nose  or  mouth.  Researchers  at  Wellman  have  achieved  truly  remark¬ 
able  results  with  laser  treatment  of  these  lesions.  Copper  vapor  lasers  and 
Nd:YAG  lasers  are  used  to  deliver  a  585-nanometer  laser  beam  to  the 
affected  area.  After  repeated  treatments,  the  red  pigment  (from  hemoglo¬ 
bin  mostly)  fades  away,  and  the  normal  color  of  the  skin  emerges. 

In  a  related  therapy  superficial  capillaries,  or  spider  veins,  can  also  be  treat¬ 
ed  with  lasers.  Wellman  uses  a  595-nanometer  laser  to  obliterate  these 
unsightly  but  usually  harmless  veins.  The  alternative  treatment,  called  scle¬ 
rotherapy  involves  injection  of  saline  solution  or  other  sclerosing  com¬ 
pound  that  collapses  the  blood  vessel  walls.  Sclerotherapy  can  be  painful 
and  can  result  in  discoloration  that  is  more  objectionable  than  the  original 
condition.  For  cosmetic  concerns  of  another  sort,  Wellman  is  also  develop¬ 
ing  a  method  of  laser  depilation,  similar  to  a  technique  that  is  now  on  the 
market.  The  difference  in  Wellmans  technique  is  that  the  laser  is  used  with¬ 
out  preapplication  of  a  light-absorbing  lotion.  Thus  far,  studies  have  shown 
that  the  laser  method  can  prevent  hair  regrowth  for  up  to  31  weeks. 

Laser-Induced  Fluorescence  of  Cancerous  Lesions.  Laser-induced  fluores¬ 
cence  spectroscopy  has  become  an  exciting  window  into  the  cell.  Precise 
wavelengths  induce  precise  excitations,  and  cancerous  lesions  can  be  seen  as 
bright  spots  that  can  be  well  distinguished  from  their  normal  surroundings. 
In  endoscopically  accessible  regions  of  the  body  such  as  the  bladder,  esoph¬ 
agus,  and  lungs,  a  fiber-optic  probe  can  deliver  laser  light  and  then  transmit 
the  fluorescence  response  to  a  spectrometer,  which  analyzes  the  returning 
light.  At  Wellman,  doctors  are  using  this  technique  to  inspect  the  bladder 
wall  in  order  to  distinguish  cancerous  lesions  from  normal  tissue.  After  com¬ 
paring  unique  fluorescence  patterns,  a  false-color  imager  can  show  the  doc¬ 
tor  a  well-defined  picture  of  the  tumor,  allowing  successful  excision  and 
avoiding  surgical  damage  to  the  nondiseased  portion  of  the  bladder. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Wellman  continues  to  develop  and  implement  novel  treatments  involving 
the  use  of  light  and  photochemicals.  Approximately  $250  million  in  com¬ 
mercial  revenues  have  been  generated  by  the  laboratory's  phoiomedicine 
activities,  mostly  through  sales  of  medical  lasers. 

CONTACT 

Massachusetts  General  Hospital  Laser  Center 

Lynn  Osborn 

Bartlett  Hall  X  630 

Boston,  MA  02114 

Telephone:  (617)  726-2327 

Facsimile:  (617)  726-4103 

Email:  lyn@wlp.mgh.harvard.edu 

WWW:  http://mghlc.mgh.harvard.edu 
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BECKMAN  LASER 
INSTITUTE  ADVANCES 


^  Beckmans  researchers  use  ‘iaser 
tweezers'’  to  isolate  and  examine 
single  cells. 


BMDO  HISTORY 

Along  with  other  centers  of  excellence  such  as  Stanford  and  Baylor  Research 
Institute,  the  Beckman  Laser  Institute  (BLl;  Irvine,  CA)  recei\'ed  funding 
through  the  MFEL  program.  Like  the  Wellman  Laboratories  of  Photomedicine 
(Boston,  MA),  this  institute  has  mad?  many  advances  in  photomedicine  in 
areas  such  as  photodynamic  therapy  (PDT)  and  laser  treatment  of  dermato¬ 
logic  diseases.  BLI  was  established  in  !l982  as  an  international  center  for  laser 

studies  and  includes  a  medical  clinic  that 
functions  as  an  outpatient  facility  of  the 
Medical  School  of  the  Universin^  of  California 
at  Irvine.  Other  areas  of  interest  include  treat¬ 
ment  of  cataracts,  glaucoma,  and  gynecologi¬ 
cal  conditions,  and  novel  imaging  modalities. 

HOW  IT  WORKS 

Most  living  tissues  exhibit  some  wavelength- 
dependent  absorption,  reflection,  and 
transmission.  By  taking  advantage  of  these 
discrete  differences  in  laser-matter  behavior, 
researchers  can  tailor  laser-beam  wavelengths 
10  a  particular  target  without  harming  sur¬ 
rounding  tissue.  The  laser-matter  interaction 
can  be  direct  or  can  be  assisted  with  drugs  that 
arc  preferentially  absorbed  by  a  target  tissue. 

In  addition  to  treating  diseases,  laser  light  ener¬ 
gy  can  be  used  to  create  optical  traps  and  to  cut 
cellular  components.  "Laser  tweezers”  and 
“laser  scissors”  arc  now  becoming  a  recognized 
part  of  the  biological  tool  kit.  Laser  transmis¬ 
sion,  rcdcctancc,  and  scatter  through  tissue  can 
also  be  used  to  create  both  macroscopic  and 
microscopic  images  and  to  collect  data  for  spectral  analysis. 

MEDICAL  SIGNIFICANCE 

Photodynamic  Therapy.  PDT  will  very  likely  be  adapted  as  a  regular  part 
of  the  cancer  treatment  pharmacopoeia  in  short  order.  For  reasons  not  yet 
well  understood,  abnormal  tissues  collect  the  photosensitive  drug  prefer¬ 
entially,  while  normal  tissues  collect  far  less.  When  light  of  a  specific  wave¬ 
length  is  applied  to  the  treated  area,  a  toxic  oxidative  reaction  takes  place. 
The  reaction  kills  tumor  cells  but  spares  normal  tissue — a  “surgical  strike” 
without  surger)^.  So  far,  PDT  has  shown  itself  to  be  generally  nontoxic  to 
healthy  tissues  when  compared  with  conventional  chemotherapy,  which 
damages  all  tissue.  PDT  also  seems  not  to  encourage  drug  resistance,  a 
problem  that  frequently  occurs  in  repeated  cancer  treatments.  A  recently 
approved  drug,  Photofrin,  is  part  of  a  newly  FDA-approved  PDT  regimen 
(currently  limited  to  end-stage  esophageal  cancer)  and  is  just  one  of  the 
drugs  being  tested  at  BLl.  The  institutes  researchers  arc  using  a  number  of 
PDT  protocols,  along  with  second-generation  PDT  compounds,  to  treat 
cancers  and  gynecological  disorders. 

Novel  Imaging  Device.  Bruce  Tromberg,  Ph.D.,  and  a  group  of  medical 
researchers  at  BLl  have  developed  a  fast,  portable  near-infrared  spectrom¬ 
eter  to  probe  for  tissue  abnormalities,  such  as  breast  tumors.  The  optical 
device  uses  a  new  optical  imaging  modality,  called  frequency-domain  pho- 


Recent  in  vitro  studies 
suggest  that  low-level 
ultrasound  can  be  used 
in  place  of  light  to  activate 
PDT  drugs.  An  advantage 
of  this  approach  would  be 

to  eliminate  invasive  fiber¬ 
optic  light  delivery  systems 
and  laparoscopic  access 

to  internal  structures. 
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ion  migraiion,  which  is  sate,  nontnvasive,  inexpensive,  and  potentially 
more  sensitive  and  accurate  than  other  imaging  techniques. 

To  delect  abnormal  breast  tissue,  the  handheld  laser  diode  instrument 
sends  near-mlrared  light  through  the  tissue  to  determine  its  optical  prop¬ 
erties.  As  light  propagates  through  tissue,  the  researchers  measure  how 
many  photons  were  scattered  or  absorbed.  These  data  can  then  be  inter¬ 
preted  to  yield  tissue  hemoglobin  levels,  blood  volume,  and  water  content. 
With  this  information,  certain  diagnoses  can  be  made. 

For  example,  a  great  deal  of  scattering  might  signal  high  cell  density,  a  sign 
of  cancer.  Malignant  tumors  also  may  absorb  more  light  because  they  con¬ 
tain  more  hemoglobin  than  normal  tissue.  Fluid-filled  cysts  should  have 
lower  than  usual  scattering,  because  the  density  of  Quid  is  lower  than  that 
of  normal  tissue. 

Laser  Tweezers  and  Scissors.  Beckmans  director,  Michael  Berns.  Ph.D., 
and  Tromberg  have  collaborated  to  develop  devices  such  as  laser  tweezers 
and  scissors  that  can  be  used  to  immobilize  and  manipulate  cells  and  their 
contents.  Bernss  early  interest  in  chromosome  cutting  has  led  to  the  abili¬ 
ty  to  optically  cut  lengths  of  DNA  and  selectively  amplify  these  sequences. 
Currently,  molecular  biologists  use  a  variety  of  wet  chemistry  techniques  to 
enzymatically  cut  DNA  (with  restriction  endonucleases  derived  from 
microbes).  The  laser  scissors  device,  if  cost-effective,  is  a  cleaner,  more 
direct  alternative  to  endonuclease  cutting;  moreover,  restriction  endonu¬ 
cleases  can  be  used  at  only  a  limited  set  of  four-  [o  eighi-nuclcotide 
sequences  in  the  genome.  The  laser  tweezer,  scissors,  and  the  free  electron 
laser  based  microscope  are  basic  research  tools  at  present. 

VENTURES  OR  PRODUCT  AVAILABILITY 

Phoiofnn.  manufactured  by  QLT  Photopharmaccuticals  (Vancouver,  BC) 
was  approved  for  treating  latc-stage  esophageal  cancer  in  late  1996  and  is 
being  used  in  a  number  of  clinical  centers,  including  BLI,  for  PDT.  PDT  lor 
noncanccrous  conditions  such  as  endometrial  hyperplasia  is  also  being 
assessed,  as  well  as  no\'el  photosensitive  drugs. 

rhrough  a  collaboration  with  the  Chao  Family  Clinical  Cancer  Research 
Center  tOrange,  CA),  Tromberg  is  testing  the  tissue  spectrometers  ability 
to  differentiate  between  normal  and  abnormal  tissue.  He  and  John  Butler, 
M.D.,  have  gathered  and  analyzed  data  on  about  30  patients.  The 
researchers  are  now  correlating  these  data  to  such  conventional  techniques 
as  mammography  and  histopathology. 

Tromberg  says  that  the  results  look  promising  at  this  point:  the  data  cor¬ 
rectly  predicted  a  fluid-filled  cyst  in  one  patient  and  a  fibrous  tumor  in 
another.  He  anticipates  more  extensive  clinical  trials  within  two  years. 
Uliimatciv.  he  hopes  the  research  will  result  in  a  needle-free  breast  cancer 
detection  device  to  complement,  not  replace,  mammography.  Trombergs 
team  received  a  patent  for  frequency-domain  photon  migration  in  1992. 

CONTACT 

Beckman  Laser  Institute 
Bruce  Tromberg,  Ph.D. 

1002  Health  Sciences  Road  East 
Irvine,  CA  92715 


Telephone:  (714)856-6996 
Facsimile:  (714)  856-84 1 3 
Email:  bjtrombe@bli.uci.edu 

WWW:  http:/^li. uci.edu 
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BAYLOR 

PHOTOSENSITIZING  AGENTS 


>  Baylor  has  a  new  drug  that  can  help 
maintain  vision  clarity  in  lens  replace¬ 
ment  patients. 


In  the  early  to  mid- 1980s,  BMDO  supported  the  MFEL  program,  designed 
to  transfer  military  expertise  in  laser  development  to  the  medical  sector. 
Baylor  Institute  (Dallas,  TX)  was  just  one  recipient  of  MFEL  funding. 
Large,  expensive  free  electron  lasers  were  not  (and  indeed  are  still  not) 
commonly  available,  and  the  biological  benefits  of  the  lasers’  broad  wave¬ 
length  range  were  therefore  hard  to  realize. 
The  MFEL  program  offered  medical  scien¬ 
tists  a  chance  to  use  the  lasers’  versatile 
characteristics,  and  attendant  observations 
of  tissue-wave  length  interactions,  to  further 
develop  their  hypotheses.  A  very  large 
number  of  clinically  significant  outcomes 
resulted  from  this  collaboration.  Among 
them  were  the  development  of  photosensi¬ 
tive  agents  that  can  be  used  in  treating 
cataracts  and  even  cancers. 


Approximately  40,000 
corneal  transplants  are 
performed  every  year 
on  an  outpatient  basis 

under  local  anesthetic. 


HOW  IT  WORKS 

The  wide  wavelength  range  afforded  by  free  electron  lasers  helped 
researchers  explore  a  greater  variety  and  more  discrete  assortment  of  laser 
energies  and  frequencies.  Most  materials,  including  biological  tissues, 
absorb  light  markedly  well  at  a  certain  wavelength,  while  handily  reflect¬ 
ing  light  at  others.  Hemoglobin,  for  instance,  absorbs  very  strongly  at 
between  580  and  600  nanometers,  corresponding  to  the  green-yellow  part 
of  the  spectrum.  For  this  reason,  laser  therapy  of  hemoglobin-rich  birth¬ 
marks  such  as  port-wine  stains  has  found  resounding  success  in  recent 
years.  The  hemoglobin,  and  not  the  surrounding  healthy  skin,  absorbs  the 
intense  energy  of  the  coherent  light,  and  the  unsightly  red  marks  break 
down  and  fade.  Similarly,  other  cellular  components  react  in  predictable 
ways  when  they  absorb  light,  and  through  the  activity  of  photochemicals, 
they  can  be  targeted  by  light  activation. 

MEDICAL  SIGNIFICANCE 

The  latest  advances  at  Baylor  include  a  photochemical  method  of  removing 
tumor  cells  from  bone  marrow  in  preparation  for  autologous  transplant.  In 
patients  who  have  a  relapse  following  chemotherapy  for  cancer,  a  more  vig¬ 
orous  and  potentially  toxic  chemotherapy  protocol  is  now  used.  To  prevent 
irreparable  damage  to  the  marrow  stem  cells,  the  marrow  is  removed  and 
stored  while  the  patient  undergoes  therapy.  Baylor  researchers  are  studying 
the  use  of  photochemicals  and  light  on  the  marrow  cells  as  a  means  of 
ensuring  that  the  marrow  will  be  purged  of  any  residual  tumor  cells.  Thus 
when  the  marrow  is  returned  to  the  patient  to  reconstitute  the  blood  and 
Immune  system,  the  danger  of  cancer  recurrence  is  reduced.  Other  chemi¬ 
cal  methods  of  purifying  marrow  stem  cells  kill  about  80  percent  of  the  stem 
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cells.  The  photochemical  method  preserves  80  percent  of  the  stem  cells.  It 
is  projected  that  a  larger  number  of  surviving  stem  cells  will  increase  the 
likelihood  of  a  successful  take  of  the  cells  upon  transplantation. 

Researchers  at  Baylor  have  also  de\'eloped  a  photochemical  treatment  for 
cataract  patients.  Cataracts,  or  proteinaceous  growths  on  the  lens  of  the 
eye,  can  obscure  vision  to  the  point  of  blindness.  Lenses  can  be  replaced 
with  surgery,  but  30  percent  of  patients  experience  exuberant  regrowth  of 
tissue  over  the  lens  as  a  result  of  an  overactive  healing  process.  A  new  sur¬ 
gical  adjunct  method  uses  naphthalimide  dye  and  blue  laser  light  to  treat 
the  capsule,  or  lens  implant  site,  before  placement  of  the  new  artificial  lens. 
This  intervention  reduces  tissue  regrowth  that  can  obscure  the  new  lens. 

A  novel  photoactive  dye  that  inhibits  the  activity  of  collagenase  and  links 
adjacent  collagen  fibrils  together  is  also  under  investigation.  Collagen  is  a 
fibrous  protein  that  serv’es  as  a  connecting  and  supporting  structure  in  con¬ 
nective  tissues  throughout  the  body.  Collagen  is  the  primary  protein  found 
in  the  tendons,  ligaments,  bone,  cartilage,  skin,  organ  capsules,  and  cornea 
and  sclera  (white)  of  the  eye.  Dunng  tissue  remodeling  and  following  trau¬ 
ma,  collagenase,  an  enzyme  that  disrupts  the  bonds  between  collagen 
strands,  is  released  to  digest  the  collagen.  The  photochemical  bonding  is 
achieved  by  painting  a  photochemical  on  a  damaged  surface  of  a  torn  tis¬ 
sue,  such  as  the  cartilage  meniscus  in  the  knee  joint  or  a  torn  surface  of  a 
cornea,  and  then  exposing  these  surfaces  to  a  blue  laser  light.  This  causes 
the  formation  of  new  bonds  between  adjacent  collagen  fibrils  and  also 
makes  them  resistant  to  further  degradation  by  collagenase.  This  new 
approach  to  tissue  bonding  offers  a  sutureless  system  that  is  more  efficient 
at  healing  the  treated  surface. 

VENTURES  OR  PRODUCT  AVAILABILITY 

The  ophthalmolog)'  applications  are  being  investigated  further  in  a  joint 
effort  between  Baylor  researchers  and  investigators  at  the  Kansas  Eye 
Institute.  Additional  studies  on  the  toxicity  and  metabolism  of  the  photo¬ 
chemicals  arc  in  progress  to  enable  clinical  testing  of  the  stem  cell  procedure 
and  collagen  bonding  procedure  in  humans.  Work  on  the  collagen  linking 
was  partly  supported  by  the  MFEL  program  and  the  Arthritis  Foundation. 
Patents  on  the  dye  synthesis  and  applications  arc  issued  to  the  inventors. 

CONTACT 

Baylor  Institute 
Les  Matthews,  M.D. 

PO.  Box  710699 

3812  Elm  Street 

Dallas,  TX  75226 

Telephone:  (214)  820-4951 

Facsimile:  (214)  820-4952 

WWW:  http://www.bcm.tcm.edu 
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HIGH-ENERGY  CAPACITORS 
TO  HELP  ZAP  MICROBES 


PurcPiilsc  has  introduced  a  fast 
and  effective  method  for  eliminating 
deadly  bacteria,  viruses,  and  other 
microorganisms. 


PurcPuIsc  Technologies,  Inc.,  a  subsidiary  of  Maxwell  Technologies  (San 
Diego,  G\),  has  developed  a  highly  efficient  FDA-approved  method  for 
killing  parasites,  bacteria,  and  viruses  in  water,  on  the  surfaces  of  medical  and 
food  packaging,  and  in  liquid  foods.  Dubbed  PureBright®  and  CoolPurc®, 
the  two  systems  deliver,  respectivelV,  microsecond  bursts  of  intense  light  or 
- a  pulsed  electric  field  to  rupture  the  mem¬ 
branes  of  pathogenic  microbes.  Based  on 
advanced  high-energy'  capacitors,  the  sys¬ 
tems  offer  kill  rates  100  to  10,000  times 
those  of  conventional  mercuty^  lamp  ultravi¬ 
olet  treatments.  BMDO  partially  funded 
development  of  these  capacitors  to  produce 
a  compact,  lightweight  device  that  could 
provide  pulsed  power  for  space-based  lasers 
and  accelerators. 


A  major  outbreak  of  water¬ 


borne  Cryptosporidium 


occurred  In  the  summer 


of  1993,  sickening  about 


400,000  people  in  the 


Milwaukee  area.  There  is 

no  effective  treatment  for 

this  parasite,  which  can 
also  be  spread  through 
foods,  Juices,  and  personal 
contact.  Water  filtering  and 
hand  washing  are  good 
preventive  measures. 


HOW  IT  WORKS 

Capacitors  accumulate  electrical  charge  and 
energ}'  on  the  surfaces  of  conducting  plates 
ihat  are  insulated  from  each  other  by  a 
dielectric  material.  Ma.xwell  developed  its 
capacitors  by  using  insulating  materials  with 
a  higher  dielectric  constant,  reducing  the 
thickness  of  the  insulating  material,  increas¬ 
ing  the  voltage  between  the  conductors,  and 
reducing  the  thickness  of  the  conducting 
plates.  Through  this  combination,  Maxwell 
successfully  produced  its  high-density  thin- 
lilm  capacitors,  which  have  been  used  to 
power  implantable  cardiac  librillators. 
PurclTilse  used  this  same  technology  to 
develop  its  purification  systems. 


MEDICAL  SIGNIFICANCE 

PurcBrighi  has  been  shown  to  kill  the  deadly  Ctyplospondium,  a  recently 
resurgent  pathogen  in  municipal  water  systems.  Moreover,  the  organism  is 
killed  in  the  oocyst  phase,  a  particularly  resistant  stage  in  its  life  cycle. 
Vimscs  arc  also  eliminated  by  the  system.  Pure  Bright  is  designed  to  treat 
clear  fluids,  but  it  also  effectively  kills  bacteria,  mold  spores,  and  viruses  in 
air  ducts  and  on  filter  surfaces.  Used  with  ultrav'iolet-transmissive  poly¬ 
mers  such  as  polypropylene  or  polyethylene,  PureBright  can  also  sterilize 
saline  solutions  in  intravenous  bags,  making  sterilization  a  one-step 
process.  Other  applications  include  sterilizing  packaged  foods,  decontam- 
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inaiing  cup  and  lid  packaging,  and  treating  fresh  meats,  fruits,  and  vegeta¬ 
bles  to  prevent  microbial  degradation  and  eliminate  contamination. 

CoolPurc  presents  opaque  liquids  such  as  milk,  soups,  and  juices  without 

healing  and  therefore  without  denaturing  the  treated  product.  As  most  pco-  •< 

pic  arc  accustomed  to  the  flavor  of  heat-pasteurized  milk,  they  may  (ind  l’ 

CoolPurc-treaicd  raw  milk  an  acquired  taste.  Plowevcr,  retention  of  raw 

milk  components  such  as  rennin,  the  curdling  enz\'mc,  is  important  for 

cheese  production.  CoolPure  is  bactericidal  at  temperatures  from  25”F  to 

60°F  and  is  designed  to  treat  pumped  liquids  as  they  arc  [lowing.  The  quick 

treatment  time  ensures  an  acceptable  product  flow  rate.  CoolPure  may  also 

enhance  the  \aelds  of  some  pharmaceutical  and  bioiechnical  processes. 

VENTURES  OR  PRODUCT  AVAILABILITY 

PurcPulse  is  in  discussion  with  leading  medical  manufacturers  for  various 
sterilization  applications.  The  company  has  contracted  with  a  large  inter¬ 
national  fast-food  chain  for  decontaminating  water,  the  U.S.  Army  for  ster¬ 
ilizing  food,  and  a  manufacturer  for  treating  liquid  whole  eggs.  Purcl^ulse 
configures  its  systems  to  the  user's  needs  and  welcomes  inquiries. 

CONTACT 

N I  a.\  we  1 1  Tec  h  nologics/Pu  re  Pu  Isc  Pec  hnologies 

Brian  V^andemark 

424 1  Pondcrosa  Avenue 

San  Diego,  CA  91123 

Telephone:  (619)514-1262 

Facsimile:  (619)  576-1377 

W'WAV:  http://www.  maxwell.com 
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CARBON  DIOXIDE  LASERS 
FOR  MEDICAL  APPLICATIONS 


'  QSourcc’s  air-cooled  lasers  are 
poised  to  enter  the  medical  and 
dental  markets. 


QSource,  Inc,  (East  Hartford,  CT),  received  both  Phase  I  and  II SBIR  fund¬ 
ing  for  building  compact,  lightweight  carbon  dioxide  (COj)  lasers  for 
LADAR  systems.  In  1996,  QSource  won  a  Phase  II  contract  through  the 

•4 

new  SBIR  Fast  Track  program,  with  Medical  Optics,  Inc.  (MOI;  Carlsbad, 
CA),  providing  the  matching  funds.! 

HOW  IT  WORKS 

QSource  has  licensed  its  radiofrequency, 
direct-current  (RF-DC)  COi  laser  to  MOI 
for  medical  and  dental  applications.  Dental 
applications  are  one  of  the  initial  target  mar¬ 
kets  for  QSources  modular  laser  technolo¬ 
gy,  which  also  has  good  industrial  potential. 
In  addition,  these  lasers  are  suitable  for 
existent  and  emerging  soft-tissue  medical 
treatments,  such  as  laser  skin  resurfacing. 

QSources  sealed,  air-cooled  CO2  laser  is  a 
modular,  repetitively  pulsed  instrument 
that  employs  a  scaled  tube  configuration 
and  a  hybrid  RF-DC  electrical  discharge  lasing  mechanism.  The  designs 
advantages  arc  system  reliability  case  of  maintenance,  and  device  life  over 
conventional  CO:  lasers.  The  design  makes  possible  less  costly  manufac¬ 
turing  methods  in  production.  It  achieves  high  power  output  with  its  com¬ 
bined  RF-DC  e.xcitation  mode,  which  produces  peak  pulsed  power  levels 
(as  high  as  1  kilowatt)  several  orders  of  magnitude  higher  than  the  average 
output  power.  The  sealed  design  also  allows  system  flexibility  and  porta¬ 
bility,  since  the  laser  need  not  be  connected  to  an  umbilical  gas  line,  it  can 
also  operate  in  a  continuous-wave  mode  and  boasts  a  lifetime  of  more  than 
1,000  hours  in  the  product  configuration. 

MEDICAL  SIGNIFICANCE 

CO2  lasers  arc  already  in  widespread  use  in  the  medical  realm,  and  with 
the  pulsed  power  capability  of  QSources  design,  these  lasers  have  promis¬ 
ing  dental  applications.  In  MOI-sponsored  research  at  the  University  of 
California  at  San  Francisco  Dental  School,  9. 3-micrometer- wavelength 
laser  pulses  are  being  investigated  as  a  way  to  seal  tooth  enamel  and  inhib¬ 
it  dental  caries  (cavities).  Studies  suggest  that  rapid  pulsing  of  teeth  can 
make  them  five  times  more  resistant  to  caries  formation,  and  in  some  cases, 
the  laser  treatment  can  even  remineralize  areas  of  incipient  decay.  The  brief 
treatment  is  less  time-consuming  than  fluoride  treatment  (which  can  dis¬ 
color  teeth)  and  polymer  sealant  application. 


Although  a  third  of  today’s 
youngsters  between  5  and 
17  are  cavity  free,  tooth 
decay  remains  second 
only  to  the  common  cold 
in  disease  prevalence. 
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Another  significant  research  area  is  laser  pulpotomy,  or  laser  treatment  of 
dental  pulp,  the  \ntal  portion  of  the  tooth.  At  Beckman  Laser  Institute 
(Irvine,  CA),  MOls  CO2  lasers  (also  designed  with  QSource  technology) 
are  being  used  in  dogs  to  treat  pulp  infections.  The  laser  method  removes 
inflamed  tissue  before  infection  can  destroy  the  whole  tooth,  and  it  leaves 
healthy  tissue  intact  so  that  the  tooth  remains  functional  and  retains  its  liv¬ 
ing  root.  The  method  may  become  an  alternative  to  root  canal  therapy,  a 
painful  procedure  that  millions  of  human  patients  undergo  each  year. 
Unlike  the  forceful  physical  debridement  methods  of  conventional  root 
canal  therapy,  laser  treatment  is  expected  to  result  in  better  tooth  retention 
and  reduced  future  complications. 

VENTURES  OR  PRODUCT  AVAILABILITY 

David  Nielsen,  D.VM.,  a  Manhattan  Beach,  CA,  veterinarian,  has  been 
using  the  CO2  laser  in  his  canine  dental  practice  since  1995.  He  works  in 
collaboration  with  Petra  Wilder-Smith,  D.VM.,  and  George  Peavy,  D.VM., 
of  the  Beckman  Laser  Institute.  Documentation  of  this  work  will  eventual¬ 
ly  be  used  to  justify  human  trials. 

MOl,  a  subsidiary'  of  Kaiser  Aerospace  and  Electronics,  has  agreed  to  pro¬ 
vide  matching  funds  for  technology  development  in  the  Fast  Track  Phase 
ll  agreement,  the  total  of  which  amounts  to  SI  million  over  two  years. 
MOl  sponsors  research  at  the  University  of  California  at  San  Francisco  in 
dental  applications  and  plans  to  market  QSource  technology  for  the  many 
procedures  that  the  FDA  has  already  approved  for  CO2  lasers. 

CONTACT 

QSource,  Inc. 

Howard  Knickerbocker 
91  Prestige  Park  Circle 
East  Hartford,  CT  06108 
Telephone:  (860)  291-0120 
Facsimile:  (860)  291-0124 

Medical  Optics,  Inc. 

Larry  M.  Osierink 
2752  Loker  Avenue 
Carlsbad,  CA  92008 
Telephone:  (619)438-9361 
Facsimile:  (619)  438-9167 
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ULTRAFAST  LIGHT- 
ACTIVATED  SWITCHES 


The  minuscule  silicon  switch  has 
multiple  applications  in  hiotechnolo^ 
and  medical  imaging. 


Energy  Compression  Research  (ECR;  San  Diego,  C-\)  has  developed  a  revo¬ 
lutionary  ulirafasi  semiconductor  switching  technolog)’  called  light-activated 
silicon  switching  (LASS).  With  contracts  from  the  early  days  of  BMDO 

■i 

research,  ECR  focused  iis  efforts  on  developing  phoioconductive  switches 
that  have  applications  in  electronics,  electro-optics,  and  photonics  for 

weapons  such  as  ihe  electromagnetic  gun. 

HOW  IT  WORKS 

ECRs  LASS  technology  involves  semicon¬ 
ductor  devices  that  use  laser  light  to  switch 
a  current  on  or  off.  Semiconductors  are 
ubiquitous  in  the  electronics  industry, 
where  they  function  as  power  amplifiers, 
storage  modules,  and  switches.  Switching 
current  on  and  off  is  the  most  general  func¬ 
tion  of  the  semiconductor.  Conventional 
semiconductor  switching  time  is  governed 
by  the  speed  at  which  electrons  traverse  the 
switch.  The  L\SS  device  uses  the  absorp¬ 
tion  of  laser  light  to  create  the  conducting 
electrons  within  the  semiconductor,  result¬ 
ing  in  a  thousandfold  increase  in  switching 
lime  compared  with  conventional  switches. 
The  high-speed,  low-jitter,  and  zero-delay 
LASS  device  can  be  used  to  power  lasers, 
route  signals  in  fiber-optic  communications 
devices,  control  industrial  motors,  and  power  high-frequency  radar  com¬ 
munications.  IASS  technology  offers  high  efficiency  and  cost  savings  in 
these  areas. 

MEDICAL  SIGNIFICANCE 

ECR  is  currently  developing  L-\SS  technology  for  applications  in  the  med¬ 
ical  industry'.  One  area  of  concentration  includes  analytical  instruments 
such  as  How  cytometers,  mass  spectrometers,  and  (luorcscence  lifetime 
spectrometers.  Lisers  designed  by  ECR  provide  high  reliability  as  well  as  a 
compact  footprint  for  these  devices. 

A  second  medical  application  is  in  imaging  systems.  ECR  is  looking  to  the 
far-future  application  of  optical  diffuse  tomography,  a  technology  that  may 
enable  doctors  to  perform  mammography  without  ionizing  radiation.  This 
technology  was  envisioned  more  than  a  generation  ago  as  “diaphanogra- 
phy,"  a  method  that  is  familiar  to  anyone  who  has  shone  a  flashlight 
through  his  or  her  hand.  For  breast  tissue,  however,  high-intensity  visible- 


Electroporation  is  now  a 
workhorse  application  for 
molecular  biology,  where 

it  is  used  to  transform 

bacteria,  yeast,  and  human 
ceils  with  foreign  DNA, 
enabling  E,  cotiy  for 
instance,  to  secrete 
mammalian  proteins  like 

insulin  or  interferon. 
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lo-infrarcd  light  is  necessary  for  penetration  and  visualization,  and  a  means 
of  optical  gating  must  be  used  to  reconstruct  the  image.  Technologies  such 
as  LASS  devices  and  better  understanding  of  the  optical  properties  of  liv¬ 
ing  tissue  arc  stimulating  interest  in  this  field. 

LCR  lasers  offer  well-defined  short  pulses  with  high  repetition  rates  for 
surgery,  particularly  eye  surgery. 

In  electroporation,  an  intense  short  pulse  of  electricity  is  used  to  provide 
the  force  that  opens  cellular  pores,  enabling  the  insertion  of  macromole¬ 
cules  like  DNA  into  cells  of  interest.  It  is  a  commonly  used  method  for 
basic  research  in  biology  and  for  “transfecting”  cells  in  genetic  studies. 
However,  many  cells  are  sacrificed  in  the  process;  up  to  50  percent  are 
destroyed  w^hen  using  a  DC  power  source  to  induce  pore  formation.  LASS 
technologN’  can  reduce  cell  loss  to  10  percent  by  using  a  square-wave  pulse 
to  effect  rapid  and  reversible  pore  formation. 

VENTURES  OR  PRODUCT  AVAILABILITY 

ECR  manufactures  microlasers,  fast  Pockels  cell  drivers,  and  laser  diode  dri¬ 
vers.  rhe  microlaser  series  is  an  established  commercial  product  that  is  dis¬ 
tributed  worldwide.  Microlasers  are  being  used  in  temperature  sensor  sys¬ 
tems,  scientific  instruments,  and  a  broad  range  of  product  development  areas, 
including  biomedical,  electrical  utility,  micromachining,  and  defense  systems. 

The  Pockels  cell  driver  is  also  a  commercial  product  that  uses  ECRs  LASS 
technolog)-  as  the  heart  of  the  system.  It  is  used  in  a  variety  of  lasers  and 
switches  at  megawatt  power  levels  and  picosecond  speeds. 

ECR  also  manufactures  and  distributes  solid-state,  high-current  pulse  gen¬ 
erators  designed  to  drive  laser  diodes.  Applications  include  biomedical 
sensors,  fiber-optic  systems,  and  LIDAR  measurements.  Several  new  prod¬ 
ucts  incorporating  LASS  tcchnolog)'  arc  under  dc\'clopmcnt  and  are 
planned  for  release  in  the  coming  year. 

CONTACT 

Energ)'  Compression  Research  Corporation 
Lori  Cobb 

0355  Nancy  Ridge  Drive 
San  Diego,  CA  92121 
Telephone:  (619)450-6612 
Facsimile:  (619)  450-9351 
Email:  ECRCorp@aol.com 
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